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CONVERSION FACTORS FOR U.S. CUSTOMARY

TO METRIC (SI) UNITS OF MEASUREMENT

To Convert From To Multiply By

angstrom meters Wm 1.000 000 X E -10

atmosphere (normal) kilo pascal We) 1.013 25 X E +2

bar kilo pascal (kPa) 1.000 000 X E +2

barn meter
2 

(in
2
) 1.000 000 X E -28

British thermal unit (thermochemical) joule (M7 1.054 350 X E +3

calorie (thermochemical) joule (J) 4.184 000

cal (thermochemical)/cm
2  

mega joule/rn
2 

(Mj./M2) 4.184 000 X 'E -2

curie giga becquerel. (GBq)* 3.700 000 X E +1

degree (angle) radian (rad) 1.745 329 X E -2

degree Fahrenheit degree kelvin W(K) - (t* f + 459.67)/1.5

electron volt joule (W 1.602 19 Xt E -19

erg joule (J 1.000 000 Xt E -7

erg/second w.att (W.) 1.000 000 X E -7

foot meter (in 3.048 000 Xt E -1

foot-pound-force joule (Q) 1.355 818

gallon (U.S. liquid) meter
3 

(in
3

) 3.785 412 X E -3

inch meter (in 2.540 000 Xt E -2

jerk joule (W 1.000 000 X E +9

joule/kilogram WJks) (radiation do@*
absorbed) Gray (Gylsa 1.000 000

kilotons terajoules 4.183

kip (1000 lbf) ne~ton (N) 4.448 222 X E +3

kip/1ncmh
2 

(ksi) kilo pascal (kPa) 6.694 757 Xt E +3

ktap newton-second/M
2

(N-s/:) 1.000 000 Xt E +2

mic ron meter (ml 1.000 000 Xt E -6

mil meter (m) 2.540 000 X E -5

mile (international) meter (m) 1.609 344 X E +3

ounce kilogram (kg) I 2.834 952 Xt E -2

pound-force (lbf avoirdupois) ne~tom (N) 4.448 222

pound-forte inch ne~tom-meter (N-m) 1.129 848 Xt E -1

pound-force/inch newtonmeter (W/m) 1.751 268 X E +2

pound-force/foot
2  

kilo pascal (kPs) 4.788 026 Xt E -2

pound-force/inch
2 

(psi) kilo pascal (kPa) 6.894 757

pound-mass (lbm avoirdupois) kilogram (kg) 4.535 924 X E -1

pound-mass-foot
2 

(moment of inertia) kilogr.am-mneter
2

('m)4.214 Oil X E. -2
pound-mass/foot

3  
kilogram'meter3

(kg/n
1
) 1.601 846 X E +1

rad (radiation dose absorbed) Gray (Cy)-* 1.000 000 X E -2

roentgen coulomb/kilogram (C/kg) 2.579 760 X E -4

shake second (s) 1.000 000 X E -8

slug kilogram (kg) 1.459 390 It E +1

turr (mm Hg. 0' C) kiopascal (kPa) 1.333 22 X E -1

*The becquerel (Sql is the SI unit of radioactivity; I Sq - I event/a.
**The Gray (Gy) io the SI unit of absorbed radiation.

A sore complete listing of conversions way be found in "Metric Practice Guide E 380-74."'
American Society for Testing and Materials.
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GENERAL USER INSTRUCTIONS

The documentation contained in this report consists of specific

user instructions, equations and program listings for nuclear weapons

targeting calculations using the Texas Instruments TI-59 hand-held

programmable calculator with the DNA/AP-550 CROM Al installed. The

programs were developed by Horizons Technology, Inc. (HTI) under

contract with the Defense Nuclear Agency, Contract No. DNA 001-78-C-0247

These instructions were prepared for users who have a working

knowledge of the TI-59 calculators. Less experienced users will find

detailed operating instructions in the TI-59 Owner's Manual.

After the instructions for each calculation, this document

includes a section describing the equations used in that calculation

and a section cc aining annotated program listings.

Additional program development is being continued. The purpose

of this CROM and associated documentation is to examine the utility and

convenience of this equipment and these programs. Selected sections of

the referenced document were programmed to provide the ability to run

various types of calculations. Omission of other types of calculations

does not imply that they are not important or will not also be programmed

in the future. Similarly, the normal test and review procedures are still

in process. Issuance of these CROMs and documents prior to completion

of test and review permits the possibility of programming errors. The

calculated results are developed from variuos numerical representations

of the available data. Two accuracy statements are required. The

precision with which the referenced data are represented is typically

+5% with occasional differences of as much as ±15%. The references

used claim accuracies of ±15% to 25%. The user is cautioned to refer to

the referenced documents for more complete descriptions of uncertainties

in data and methodologies. The approximations made in generating these

data are discussed only to tlic extent necessary to explain the

ouations used. These approximations can be complex and, i § not

Inderstood, can lead an i nex r ('I Ofncecd u scr to or r ,of1(U s Co rcIsi() n S.

These data are also valid only within limited r inics. 1;imits ha,.e



been imposed in most of the HTI programs to confine them within

the limits of the basic data or within reasonable limits if no

other restrictions pertain. The user is warned by a flashing

display and termination of input printing when the limits have

been exceeded.

To insert the CROM module into the calculator, follow these

instructions:

1. Turn the calculator off. Replacing a module with

the calculator on may cause the keyboard or display

to lock out. Shorting the contacts can damage the

module or the calculator.

2. Slide out the small panel covering the module com-

partment at the bottom on the back of the calcu-

lator. Be sure to eliminate all static charges

before handling the module.

3. Remove the module initially in the calculator. The

calculator may be turned over to allow the module

to fall into the user's hand.

4. Insert the new module, notched end first, with the

contact side down into the compartment. The module

should slip effortlessly into place.

5. Replace the cover panel, securing the module against

the contacts.

Descriptions of the auxiliary magnetic card programs for

this CROM module are given as appendices to this document.

These programs run in the turn-on state of the calculator, pro-

gram 00, and call the CROM programs as subroutines. They are

referred to as control programs. There are four types of

control programs described in Appendices A through D.
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Appendix A is a demonstration code than runs CROM

programs sequentially with one set of input parameters.

Appendix B provides for repetitive calculations with

varying inputs, for parametric studies.

Appendix C provides for inversions of several of the

CROM calculations.

Appendix D is a program that will calculate probability

of damage to rectangular, triangular, and elliptical

targets.

These auxiliary programs expand the versatility of the

basic CROM module by adding interesting features that would

otherwise be excluded because of memory constraints and input/

output considerations. A control program can reside in calcu-

lator memory, and the CROM module is still immediately acces-

sible to the user.

Program 00 Program 01

-Main Program Memory

Program 02

Data Registers

Main Calculator Memory Program 03

The boxes to the right are proportional

to the sizes of the different memories Program 04

required in the CROM. Magnetic card

programs are read into the main calcu-

lator memory illustrated above. A

CROM program on the right can be selec- Program 05

ted and run independently. The data

registers, however, are shared by al Program 06

programs. Any program is able to call

a subroutine of another program for Program 07

execution. Thus a control program

residing in the main program memory can Program 08

call and execute a CROM program as a

subroutine. Program 09

CROM Program Memory

7



Operation of the CROM is described in section 1, "(un'eral

Description." Fvery code is accessed and run through the uni-

versal input routine, program 01, which is also described in

section 1. The example problems shown in each section are

designed to illustrate the use of the PC-100 printer with

the calculator. In cases where intermediate results are

printed but not displayed, the storage registers for these

results are given so that they may be recalled when using the

calculator in the hand-held mode. Storage registers 6-9 and

30-59 are always available to the user and have no effect on

CROM program operation.

The inputs necessary to perform the calculations programmed

in this CROM are briefly defined in each program section of

this document. The user is referred to the Defense Intelligence

Agency's Physical Vulnerability Handbook - Nuclear Weapons (U),

AP-550-1-2-60-INT, June 1, 1969, CONFIDENTIAL, for further

information.

At the top of the first pVil of every program section of

this document is an imaqe tirlei "AP-550 PROMPT Al". These

are images of non-magnetic "prompt" cards that slip into the

card holder on the front of the TI-59 calculator. The purpose

of these cards is to provide an input guide for the user. No

magnetic data is or can be stored on these cards.



Section 1

CROM Operation: General Input Routine
and Calculational Capabilities.
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AP-550 CROM Al - GENEPAL INPUT ROUTINE AND DESCRIPTION

To facilitate both versatility and ease of use, the

DNA/AP-550 CROM Al was designed to operate entirely through

program 01, the universal input routine. To ensure that the

AP-550 CROM is installed in the calculator, enter the keystrokeL.

2nd Pgm 01 SBR 2nd Write. The PC-100 printer will then print:

DNA/A-550.

Once program 01 has been selected, the calculator can be

left in that mode. The universal input program automatically

selects all programs and stores all inputs.

inputs are entered into keys A through E and 2nd A' through 2nd

D' in accordance with the input label plan shown in Figure 1.

Inputs may be entered in any order, except that in the Equiva-

lent Target Area code, programs 6.0 and 6.1, the length VN and

length k-factor must be entered successively into key D, as:

length VN, D; length k-factor, D. The same applies to the width

VN and k-factor in key E. The offset and radius of safety

must also be entered successively into key D when executing

program 5.1. Other than those special cases, all inputs can

be independently entered before program execution. All inputs

are saved (with the exception of environment classification in

the Personnel Vulnerability program) during the course of

execution and do not need to be re-entered when another calcu-

lation is initiated.

To run a calculation, first enter the data with the appro-

priate keys (as shown in Fiq. 1), and then enter a two-digjit

code number of tho form a.b with key 2nd E'. This number selects

the primary calculation and subcalculation to be run. All the

calculations that may be riln, and their associated code numbers,

are shown in Table 1. Once a calculation is selected, the code

number for that calculation need not be re-entered if a repeat

calculation is desired. Pressinq R/S will initiate the previous

keyed-in calculation even if the inputs are changed.

10



Programs 2.0 through 2.7 Programs 6.0 and 6.1

CEP OFFSET CEP LENGTH WIDTH PIN
RADIUS SIGMA POINT

IK- LEN GTH W] D!H
YIELD HOB VN F T YIELD HOB VNK IVN K

IIIF A C T O R IIIV N , K V_ _, 
K

Weapon Radius, P and Q Targets; Pd to Prob. of Damage, ETA, VN System
circular normal targets

Programs 3.0 through 3.2 Program 6.2

CEP TARGET OFFSET DAMAGE CEP LENGTH WIrTH AIM
RADIUS SIGMA POINT

LLNGTH WIDTH
WR YIELD HOB MEDIUM CRM CRM

Pd to point and circular targets, normal Prob. of Damage, ETA, crater radius
and uniform dist. method

Programs 4.0 and 4.1 Program 6.3

AIM
CEP LENGTH WIDTH PIMPOINT

YIELD HOB ENVIR. LENGTH 'I DT
WR WR

Personnel Vulnerability Prob. of Damage, ETA, weapon radius
method

Programs 5.0 through 5.3 Programs 7.0 through 7.4

TROOP I DESIRED
DISP. ASSUR.

YIELD HOB CEP OFFSET; PEH YIELD HOB MEDIUM RADIUSR.S.

Minimum Safe Dist., Fallout-Safe HOB Cratering

Figure 1. An assigniient of variables to user-defined keys for each
program in AP-550 CROM Al. The lower rows of rectangles
for each program type represent Keys A through E. The
upper rows represent Keys 2nd A' through 2nd E'



Table 1. A complete list of calculations
available with AP-550 CROM Al.

CODE DESCRIPTION

2.0 Weapon radius and probability of damage, 1-Itarqjet*
2.1 Weapon radius and probability of damdqe, K-td rj, t*
2.2 Weapon radius and probdbility of Jamage at opt imui HOB, P-td r't*
2.3 Weapon radius and probability of damage at opt iui HOB, Q) ( td r(jtt*

2.4 Weapon radius, P-target
2.5 Weapon radius, Q-target
2.6 Weapon radius at optimum HOB, P-target
2.7 Weapon radius at optimum HOB, Q-target

3.0 Probability of damage - point target
3.1 Probability of damage - circular normal distribution
3.2 Probability of damage - circular uniform distribution

4.0 Personnel weapon radius, any HOB
4.1 Personnel weapon radius, optimum HOB

5.0 Radius of safety and minimum safe distance
5.1 Probability of not exceeding acceptable weapons effects
5.2 The minimum HOB which has a certain probability of being

fal lout-safe
5.3 The probability that a certain HOB is fallout-safe

6.0 Probability of damage, LIA, VN method, P-target
6.1 Probability of damage, ETA, VN method, 0-target
6.2 Probability of damage, ETA, crater radius method
6.3 Prob. of damage, ETA, length and width weapon radii specified

7.0 Crater radius, depth and volume
7.1 Invert for HOB
7.2 Invert for yield
7.3 Calculate optimum HOB for maximum crater radius
7.4 Calculate optimum HOB and minimum yield for given crater radius

•circular normal distributions only.
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The running calculation prints the calculation code number

first, the inputs second, and then pauses until the solution is

found and printed. During the input prifltinq( cycle, inputs

are checked to determine if they are within an acceptable rang(e,

if limited by the program. These automatic limits are specified

at the end of each progiram description. If a vaIlue fall s out-

side the all owed data range, the cal1culIa tor sots an error Coll-

di tion, prints the exceeided iniput, indl stops; ex(c ut ion with the

exceeded limit flaishing in the display. The input vailue itselIf

i s inl the t -re i st er for i nspec tion . The proced,(ure2 for cot rect i ig

the error is to press CR, r-en'Iter a- niew inpu)Lt Val ire III('l

aippropriate key, aInd press R/S to sta-rt the (' cl~ion over.

Shoul1d it.bom nece._ssary to stop t he 'a I mulciato(r while

A C~Mpo;a is running, the reset kkty, PFT, (',if be pri-sed

to return pr-u ranr control t~o the ke''boari . r ;i~ h

k ey ha s no eof fec t when the cal cu i1 t oJr i s r iii in inq g i CPWI

memory. The RS~T key il so ta-kes tire(' CICula1ttor ou[t o ryilo

p ro,; ramr and leaves the pointer inl pro); rain (0O, which is the

pro qra11m the macli ne is in when it is tuirnek! on or wln' it 1s5

rul-ni n.; a magnjietic card po m.To) "Ise the, C'P()M, r '01

must be selected agaiin. For thi s, Yrc'ason,coilr h.P'

ke'y only asg an1 ('1mLirency haltco':ad

When runn~ling the exaimple problems in the !ol loWi n yo r

it is iuseful to note that steps I and 2 are ilrst ho

1) turn off, then on, and 2) selec't pr'rm01. It t he 'aIlcu-

lator is already on and in pi-ogrami 01, the5,;e stt-i;s no.ot ho,

repeated between examples. I owe ve r, i t i s i 1iip(rt aInt t o 4,1t (-I

,il the inputs requiired for a pairt icular calcirlat ion, orwe

values previously entered will be stored in me1(mory Il canl he

m i ;1Sired . Table 2 lists the inputs andl out pit s anld the(ir

cc)r rezsponrdi ng pr inter ilpha numer-i cs for each of t he ma in rl- I )M

pi-ogjrams. Note that Table 2 inciudes the saime i nfo(rmit ion

presented gIraphically in Figure 1.
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Table 2. Inputs and outputs for each of the main CROM programs
and their corresponding printer alphanumerics.

INPUTS KEY ALPHA OUTPUTS ALPHA

PrograOz (see note at end
of table)

Yield A Y Weapon Radius W
Height of burst B H Optimum height of burst H
Vulnerability number D V (printed with inputs)
k-factor I K Probability of damage P

Proqr'am 0 ).3

. , tad s C W Probability of [)Ilage
* iC 1 a r er rOC C ;,' ,bl1e A' C

A' C

irsjet radius B T
't f t C A.1" ~ie C, V,1Id [I' S -4,

D CE

A Y Wt purl rad ii s W
V, r",t B H I Pillage sigina

v , -(inIt, t ( I Opt mTurM height of but s t H
(printed with inputs)

S, 1Y d u o f "aft ty k S

a r Iro tih ity
" ' # 'I H ii t 1,f bur'st

'~~~o t ', t ft4  t

i t I I 1

Y I trlqth wead r i r I l, I
... ...1 i C , r' V Wid th wr,, pun rn11~u 1

t II I

I , ) Wt , t ( , )

-::' l, fir trir W

, r e flt I ,

t, l ni li1

14



Table 2. (Continued)

INPUTS KEY ALPHA OUIPUIS ALPHA

Proqram06 (continued)

Length crater radius
multiplier D LM
Width crater radius

mul tipl ier E WM
Length weapon radius D LW
Width weapon radius E WW

Program- 07

Yield A Y Radius R
Height of burst B H Depth
Soil Medium C M Volume* none
Radius D R Yield (also minimum yield) Y

Height of burst (also opti- H
mum height of burst)

* Volume will ap)ear in the display after pressinq 2nd x.

Note on Program 02: Programs 2.0 throuqh 2.3 calculate
probability of damage to circular normal targets in addi-
tion to weapon radii. This is made possible by an internal
command that automatically transfers the calculated weapon
radii to program 03. Therefore, to calculate a probability
of damage utilizing program 02., i.e., to invoke calcula-
tions 2.0 through 2.3, the inputs listed for program 03
must also be entered with the exception of weapon radius.

The appendices to this document contain magnetic card auxiliary

programs that use the CROM module's programs as subroutines. The

auxiliary programs are designed to enhance the CROM's versatility

by providing inversion routines for the CROM's ma in proiram, itera-

tion routines for parameter studies and special case considera t i(ns.

A list of calculations possible when the auxiliary proo(1rilm nanetic

cards are used in conjunction with the AP-550 CPO Al is ciiven in

Table 3.
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Table 3. A list of auxiliary magnetic card programs
given in the appendices of this document.

CONTROL CARD CALCULATIONS

Appendix A - Demonstration Program

(a) will run a number of CROM programs in a single
execution, with parameters defaulting to pro-
grammed values. Inputs can be changed at the
option of the user.

Appendix B - Iterations

(a) Appendix 1 will increment up to five different
inputs through a specified range to perform lar(le
numbers of calculations in a single cxecution.

(b) Appendix B2 is similar to Appendix Pi, txcept

that the values of tho iinput ,.ilrt .I ,,.*a 1;

fh.n ied are explicitly specifi ed.

Appendix C - Inversions

(a) Appendix C1 inverts the VNTK System for

yield.

(b) Appendix C2 inverts the Personnel VUlilr-
ability code for yield.

(c) Appendix C3 inverts the Craterino code foi
the deeper depth of burst.

Appendix D - ProLability of Damage

(a) Will calculate pr(o2bbility of damage to ruvtanif, ,
elliptical and triangular targets by the ithi

shown in AP-550.

10
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PARTITION FLAG COMMENTS FLAG COMMENTS

W07 exceeded limit
AUTOMATIC flag (reset

in this pro-
LIBRARY MODULE gramn, set by
CROM A-i called pro-
(Programi 1) ________ grams) __________________

DATA REGISTERS FOR EXAMPLE LABELS
DATA REG. COMMENTS STEP CODE KEY COMMENTS

Program in use - R13, R19
Line for SBR callfratn
Reg. no. for input in -R4 2
\use R1

-R16

1 -R17

I npUt, key B advance paper
Input, key CBeae

Last input, key D - -ade

Last Input, key E
Input, key A'
Input, key 13
Input, key C'
Input, key DP
Next to l ast i npu t, key D
Next to l ast i nput, ke'v F

Used by called
p ron ram

17



PROGRAM MEMORY (LIST)

STEP CODE KEY COMMENTS STEP CODE KEY COMMENTS

--- If one input: E:
Input -*R13 A' Ipt R15

-- If two inputs:
1st input - R19
2nd input -*R13

B' Input -R16

Input -R17

C'

lInitiate calculation
~on R/S

If one input: Input R18
Input -~R14 D

If two inputs:
- -. st input R20 Return after

2nd input -*R14 calculation

Input R10 Same calculation R/S

Label P.

Initiate CROM caic.
(Pgm)

Input R11---
B

Input R12
C

Used tG recall input
4 ~ values with PCL ItND 02

18



PROGRAM MEMORY (LIST)

STEP CODE KEY COMMENTS STEP CODE KEY COMMENTS

x.3, x.7

S Foy, directing
pointer to proper
label x.4, x.8

E If frac(ROO) .4
I ( (P -target) _ _ _ _ _ _) Label WRITE: HEADER

(identify CROM)

Print:

"DNA/AP-550"

- Will go to appropri.
a te subroutine call

Re -adjust program
pointer when

- frac(ROO) > .4

X.0

x.l, x.5

X.2, X.6 I:ij ~__________

19



PARTITION FLAG COMMENTS FLAG COMMENTS
00 Prevents limit 09 Used in other

checks from programs; re-
halting on set in caseAUTOMATIC error of error to

01 Suppresses turn off trace
LIBRARY MODULE printing mode

A-i07 Set if limit
CROM A-1exceeded

DATA REGISTERS FOR EXAMPLE LABELS
DATA REG. COMMENTS STEP CODE KEY COMMENTS

[P; Round and print

Register number for
input in useChcan

Sprint inputs

- - -Cverflow from
P01 7

Used by PGM 7 segment

Used by PGf1 7 segment
- Used by PGM 7 segment

Used by PGM 7 segment

Used by PGH 7 segment

20



PROGRAM MEMORY (LIST)

STEP CODE KEY COMMENTS STEP CODE KEY COMMENTS

- Label B. Rounds argu- 4
ment to 3 significant 04N Error routine if x hi
digits and prints F

F (outputs)

F - _Printing suppressed if
flag 1 set

Fi~F

E .- abe7 Inegeri ze

RC*2 (as input), check
j t_-___________-___-___ limits and print.

L Label B'. Takes low:er -i Entered by the
F limit for Y in display w- sequence: aloha

and checks and prints --
4 Y (if R02=lO) F hi

Label C.

Checks limits on RC*2
S - F- (used in sequential

_2 - inputs) F - La1- u 6pi~ces
input RC*2 ny its

F: -absolute value and
Label_--. prints, (lower limit

NN: : LEL L bel . 07 : N i_-i-- implicitly 0).

Check limits on input, ipiil )
-- Entered with alphanu-

:-:r. O entered with: input, in
• x t, "o +hi x alpha ,-etc display.

j If x= "o then skip ._ Error handling:

rest of checks N F
- Set err or

4 -, Error routine if
H1F XJi xo'- Print with error

0t 4 T, f2 I ., 1 1 : ',4_- T F

21
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PROGRAM MEMORY (LIST)

STEP CODE KEY COMMENTS STEP CODE KEY COMMENTS

- Stop on error unless _
- flag 0 is set - - . More packed data,

- 4 - - 1 class 20

. rrror has occurred.- -

Suppress further - - - -

printing
Data for class 19,

i 66 " '-'- - ::  - -'Eq. 27

F (nonexistent label) Eq..27

L Label E is called from
5program 4, step 869 Data for class 20,

Eq. 27

- b

-nvironment
Eq. 29, Pow. 4

(Y-b)

Compensates for

More packed data, 1; H} class 19 H CF. 27, Pqi 4

Fr
2 -digit coefficient

19Eq , Pqm. -nvironment

i100,667 or 667

4-- Radius and depth coeffs
- 4 Pqm. 7

22



PROGRAM MEMORY (LIST)

STEP CODE KEY COMMENTS STEP CODE KEY COMMENTS

4 Equation 5-
-:, h Dry Rock Coeff. +

9

- --- -Equation 4
_c Dry Soil

* d rquation 4 coeff.
b

- b

Equation 5 Wet Soil

a

~~1 - ~~ Equation- - -r Futo
h Wet Rock

C

b

- f

a
- Equation 4
I C

5 bn Equation 3-Wet Soil

D

a
I T]

F T

aEquation 5
>'y Soil and Wet Soil k 1

hr

23



PROGRAM MEMORY (LIST)

STEP CODE KEY COMMENTS STEP CODE KEY COMMENTS

.44 Equation 2 2~17

I. - -

-Fd-- Tqi7nTio
t - n Dlry Rock

p

q

Equation3
Dry Soil

s Equation 2

t

kq

- -- s Equation 2q

t HOB COEFFICIENTS

q Wet
Soil

Equation 3
n Wet Rock

F
p

flI7

Dry
Soil

S Euto 2 Wet
______ Eqatio I VRock

t I
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PROGRAM MEMORY (LIST)

STEP CODE KEY COMMENTS STEP CODE KEY COMMENTS

4 : !:- Dry
- 79 0 4 P Rock

384 01 1YIELD

386 04 4COEFFICIENTS

38 3 0 w Dry
388 05 5Rock

391 0?Wet
392 04 4Rock

396 0x

399 06 6 Soil

405~ 04 4
406 02-

25



Section 2: Programs 2.0 - 2.7

Weapon Radius Determination for P-type and Q-type Targets.

Probability of Damage to Point and Circular Targets With

Normal Target Element Distributions.

26



DNA AP-550 PROMPT Al HTI
WEAPON RADIUS, P and Q TARGETS; Pd to CIRCULAR TARGETS (NORM)

CEP (ft) TARGET
RADIUS (ft) OFFSET (ft) DAMAGE SIGMA 2.n *WR,Pd

YIELD (KT) HOB (ft) VN K-FACTOR

SOURCE OF DATA:

Defense Intelligence Agency, Physical Vulnerability Handbook-
Nuclear Weapons (U), AP-550-l-2-60-INT, June 1, 1969, Part I,
Section B; Part IV, Section A.

DESCRIPTION:

A. Objective

The main objective of this set of eight programs is to

calculate weapon radii, (WR), utilizing the VNTK system. Four

of the programs provide an option that enables the user to

calculate the probability of damage, (Pd), to point targets

or to circular area targets with normal target element distribu-

tions, using the previously calculated weapon radius. This

option is essentially an internal transfer by the calculator

to program set 03 and therefore the user is referred to the

program 03 documentation for details concerning the probability

of damage calculations.

The calculated weapon radius, as defined in AP-550, is:

"a circle centered at ground zero, within which, on the average,

there are as many targets damaged to a lesser degree than

specified as there are targets damaged to the specified degree

outside the circle." A more precise definition relates weapon

radius to the radius of damage at which there is a 50% proba-

bility (RD50) of achieving the desired damage; WR=RD 5/(-c d2

where cd is the damage sigma. The P-type target weapon radius

calculation assumes a damage sigma of 0.2 and the Q-type target

* weapon radius calculation assumes a damage sigma of 0.3. The

* user is cautioned that when performing the optional probability

of damage calculation, the appropriate damage sigma must be

entered to obtain valid results.
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B. Inputs-Outputs

The eight calculations comprising this program set and

their necessary inputs are as follows:

Program 2.0: WR and Pd - P-type targets,

Inputs: Yield (KT) CEP (ft)

HOB (ft) Target radius (ft)

VN Offset (ft)

k-factor Damage sigma, od = 0.2 for P-
type targets

Program 2.1: WR and Pd - Q-type targets,

Inputs: Same as program 2.0 with the exception that (d- 0 .3

Program 2.2: WR and Pd at optimum TOB - P-type targets,

Inputs: Same as program 2.0 with the exception that

no HOB is entered, od = 0.2

Program 2.3: WR and Pd at optimum H1OB - Q-type targets,

Inputs: Same as program 2.2 with the exception Cd= 0.3

Program 2.4: WR - P-type targets,

Inputs: Yield (KT) VN

HOB (ft) k-factor

Program 2.5: WR - Q-type targets,

Inputs: Same as program 2.4

Program 2.6: WR at optimum BOB - P-type targets,

Inputs: Same as program 2.4 with the exception of HOB.

Program 2.7: WR at optimum HOB - Q-type targets,

Inputs: Same as program 2.4 with the exception of HOB.

C. Limits

Yield: 0.1 KT < Y < 30 MT

HOB: 0 ft < HOB/Y I / 3 
_ HOBmax

where:

11OBmax = 2308 yl/ 3 exp(-AJVN/15) for P-targets

HOBmax = the minimum of:

900Y1/3 epQ-targets

2308Y2 / 3 exp(-AJVN/15)

28



where AJVN = adjusted vulnerability number.

VN: 0 _ AJVN_ 54, P-target

0 _ AJVN _34, Q-target

k-factor: 0. k _9

CEP: CEP '0 ft.

Target Radius (TR) : TR > 0 ft.

Offset (x): x 0 ft.

Damage sigma (): 0. 1 0. 5

D. Data Storage Locations and Printer Alphanumerics

The user can find the following information stored in the indicated

registers (R):

Variables Registers Alphanumerics

Yield (KT) R10 Y

HOB (ft) RII H

VN R13 V

k-factor R14 K

CEP (ft) R15 C

Target Radius (ft) R16 T

Offset (ft) R17 X

Damage Sigma R13 S

Weapon radius R12 W

Prob. of Damage only in display P

E. Additional Information

Information pertaining to the target VNTK descriptions and damage

sigmas can be found in the classified version of this document and AP-550.

Pressing R/S will initiate the previously keyed-in type of calculation

even if the inputs are changed.

2
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EXAMPLE 2.0, 2.1, 2.3

Given the following information, calculate the weapon radius;

and corresponding probability of damage to an area target with

a normal target element distribution.

target type = P-type damage sigma = 0.2

VN number = 15 offset = 500 ft

k-factor = 3 CEP = 200 ft

Yield = 100 KT target radius= 10,000 ft

HOB = 4000 ft

STEP INSTRUCTIONS INPUT KEYS DISPLAY PRINT

1 Turn off, then on 0
2nd

2 Select program 01 Pgm 01 0.

3 Enter yield (KT) 100 A 100.

4 Enter HOB (ft) 4000 B 4000.

5 Enter VN 15 D 15.

6 Enter k-factor 3 E 3.

7 Enter CEP (ft) 200 2nd A' 200.

8 Enter target radius (ft) 10000 2nd B' 10000.

9 Enter offset (ft) 500 2nd C' 500.

10 Enter damage sigma .2 2nd D' 0.2

11 Calc. WR and Pd - P-type 2.0 2nd E' 2.
100. Y
15. V
3. K

4000. H

3870. W
200. C

10000. T
500. X
0.2 S

0.341 0.341 P
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EXAMPLE 2.0, 2.1, 2.3 (cont.)

STEP INSTRUCTIONS INPUT KEYS DISPLAY PRINT

12 Perform same calculation for
Q-type target with same VN and
k-factor.

13 Enter Q-type target damage sigma .3 2nd D' 0.3

14 Begin calculation 2.1 2nd E' 2.1
100. Y
15. V
3. K

4000. H

3550. W
200. C

10000. 1
500. X

0.3 S

0.283 0.?83 P

15 Repeat calculation described in
Step 12 for the optimum HOB case 2.3 2nd E' 2.3

100. Y
15. V
3. x

16 Note optimum HOB 2220 ft. 2220. H

4650. W
200. C

10000. T
500. x

0.3 S

0.43 0.43 P
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EXAMPLE 2.4, 2.5:

Given the following information, calculate the weapon radius

for the given HOB.

target type = P-type

VN = 6

k-factor = 0

yield = 1.O0KT

HOB = 400 ft

STEP INSTRUCTIONS INPUT KEYS DISPLAY PRINT

I Turn off, then on 0

2 Select program 01 2nd
Pgm 01 0.

3 Enter yield (KT,' I A 1.

4 Enter HOB (ft) 400 B 400.

5 Enter VN 6 D 6.

6 Enter k-factor 0 E 0.

7 Calc. WR - P-type 2.4 2nd E' 2.4
1. Y
6. V
0. K

400. H

2480. 2480. W

8 Perform same calculation for
Q-type target with same VN & K.

9 Enter Q-type target damage sigma .3 2nd D' 0.3

10 Begin calculation 2.5 2nd E' 2.5
1. Y
6. V

400. H

2580. 21580. W
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EQUATIONS

Definitions

Y =Yield (KT)

HOB =Heiciht of burst (ft)

VN =Vulnerability number

K = K-factor

H = scaled 11GB = HOB/Y'~

x0  =scaled optimum HOB

WR = Weapon radius

W R =Scaled weapon radius

X1= Scaled H1GB at which WP=l

AV = Adjusted VN (7\iVN)

Calculation of AV:

AV VN + C~nR (1)

where for P-targets,

C = 11

R (K)(20)1/3 1 /j(K )(10) 2 + ( KY) 2

and for Q-targets,

C =8.2

3 K K2 /
R satisfies the equation, P - f--;-)/ 10 1 0 3

which is solved iteratively. -1 + - 0 3

The quantity 20 1/3 = 2.7144 ... is aDnroximated with

e = 2.718 ...

For both P and Q targets,

WR =( WR-2 +2 1WR- 2 ) ,Yl/3 (presents IP < 2 as WR P 0) (4)

1-tarcjet equations:

W R = J1l + a(--)P), for 1-1 (x

x 0 x
II+ a( x 0P)oxp [ n( L+a))(x'/x or)1 ] for 0('
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where:

exp 7.63 -A + exp 7.37- AV (6)

(26-AV) (for AV 26 7)
1890 + 31(26-AV)

_(AV- 26)
- (-60 ) for AV > 26 (8)

P = .6 + exp[-(.393AV - 9.5in(.393AV) + 3.32)] (9)

x 0 = exp(6 + r2- AV/15.7) (10)

x' = 4.5 x 10 9/(26 + AV) 4  (11)

= exp(.1 + AV/37) (12)

Q-target equations:

WR= ai + a( ) < x 0  (13)
0 

x

ct1+ a( -)p) exp b(1 > xT) (14)

where: 1

= [exp(133 - 1.82 AV) + exp(128 - 1.4 AV)] (15)

1

a(a+l) = [exp(158 - 1.4 AV) + exp(177 - 2.7 AV)] (16)

P =[ + (AV/33)8]- I  (17)

112

X 0 =[exp(-.242 AV)]2 960r- 410exp(-27AVI - 6.5)1(Ll+exp(.27AV 1 "2 -696 )  (18)

2 -
b .03AV + 4.6(9 + (AV-24) 2 (19)
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PARTITION FLAG COMMENTS FLAG COMMENTS

07 test for limit
AUTOATICcheck error

09 set - P target
LIBRARY MODULE not set - Q
CROM A-1 target
(Program 2) _______ _______ _______ _______

DATA REGISTERS FOR EXAMPLE 2.0 LABELS
DATA REG. COMMENTS STEP CODE KEY COMMENTS

zf Pgm originally cal led-
4common code

scratch
4: 1~ 1 choose coeff.

scaled WRcault
- scatchcalculate Wmax

usedcalculate x

tnot Q target opt.H
P are opt.H

-~~ HOB, Opt. HOB 0tre
Scratch; calculated WR

:3VN mi ac

~CEP
- - Target radius

Offset

Damage sigma

knot used
AJVN
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PROGRAM MEMORY (LIST)

STEP CODE KEY COMMENTS STEP "O~DE KEY COMMENTS
Label E.
Common to subroutine S
A' and B'

AdV N

for Q target (eq. 15)

Label B'. -

Calc( lates A(a+1)=Il max
Label U'.
Common to subroutines -P-target calculation
A' and B'

Label C'.
Select coefficient for -

P- or Q-target-

Label NOP -

Label A'.

Calculates (x

- - W max for Qtarget
- P-target calc. (eq. 16)-

L-LiLabel D'.

Calcul~ites x 0ootiniu H-0'

0/ 4
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PROGRAM MEMORY (LIST)

I STEP CODE KEY COMMENTS STEP CODE KEY COMMENTS

-TI !~R05 eY"
10

--P target caic.

Calculate P for AJVN,
Q target

- - for P target (Eq. 10)- (E.3

Label 1-

-. 005 allowed error
ICheck and print VI, K;

G al cul ate AL1VN- R2
- HOB limits21

Estimate for R- R21

Iteration loop

Alphanumeric

WI K Calcul ate VN K. K /

- adjustment factor 10e

-. K

10

R04 K -10

Y

Jump to rest of calcu-
lations

II Estimate for R

-1/37
Stores Y in R03

K - /
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PROGRAM MEMORY (LIST)

STEP CODE KEY COMMENTS STEP CODE KEY COMMENTS

Modified W

- Improved R
t register WR

Label D.

Q target, opt. H Which program was called

- Label C.

target, opt. H WR

Check and print Continie calculation

Y, V. , K 2 in Pqm 32 0 --_ -----------------------

Return without printing.
Return without calcula- ic w n_ ... .. ii WR if call was not to
ting WR if limit error _program 2 (beina used
occurred. as subroutine)

Label B.

-2 -[ NU Q target]
Calculate (needed Q targe..

- for P target W max) Label PAU (same as A)

Calculate H opt. = x0  Label A.

7- -IP target

y- is in R0 3 from 6 - -

SBR +/- Check and print

_ _ - V, VN, K

Print optimum H

H

Calculate W max
Check & print H

_ Make W max 2
-~ 0

2-: -5I
+ (Eq. 4) F
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PROGRAM MEMORY (LIST)

STEP CODE KEY COMMENTS STEP CODE KEY COMMENTS
Return if bad limit

S check C

Label w WR calculatior

-for Pand Q
h ~Calc. targets (STF

-- 9 for P tar-
- get); R03

F>. should contain
H -1/3

Y

p
- -W =c~ or 0.Calculate x H opt.

Ii AJVN H

x H opt.

- p for Qtarget (Eq. 17)H H
p; R05 yl 3  H

x--1 /3)

Cal culate -,a+1)

p for P target (Eq. 9)

a

P
- R0 4  1+a( )

H
Ho

E

R0
.~,04 04
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PROGRAM MEMORY (LIST)

STEP CODE KEY COMMENTS STEP CODE KEY COMMENTS

-- > Continue if -- EE

H 4-H0

HH

H

Calculate b for QR 0  0
target (ELq. 19 H

0

Calculate y (Es. 12)

I AJVN

w
b ma x

H
H0 -

F FR (Eq. 5)

Calculate x' for P-
r: target (Eq. 11) F

Calculate for P
target (Eq. 6)

4 *4t-.
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PROGRAM MEMORY (LIST)

STEP CODE KEY COMMENTS STEP CODE KEY COMMENTS

47
j . a (Eqs. 7, 8)

max

Calculate x fo rQ
4 (Eq. 18) 0

Calculate W max for
P Ptarget .

49

C: a

F AJVN

q C7
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PROGRAM MEMORY (LIST)

STEP CODE KEY COMMENTS STEP CODE KEY COMMENTS

- JVN-VN C(lnR) -~R05

VN

t f AJVN

Initialize for printing
-- 0 routines in Pgm 9

Check & print t
I Y, VN, K;F

Calculate AJVN, max HOB -k(9nR)

F 3 7

- Lower limit on VN

Go to Page 3 to max

Sprint WR, calc. P

Upper limit for Qtarget,
-. - . .34 -C(PnR)

M- V adjustment factor,R,
for P target (Eq. 2) Upper i mi t for P target

=56 - C(Q9nR)

K
1F; Given alphanumeric

- (step 115)

t: F
R f76tC( nR)

Continuation of SBR + -fF - Check and print VN

F4

-' nRGiven alphanumeric

C for Qtarget

Alpha for K
I C for P target

+1'

TO'hF iJ Check & print K
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PROGRAM MEMORY (LIST)

STEP CODE KEY COMMENTS STEP CODE KEY COMMENTS

-r Calculate H max, the
t, upper limit on HOB

AJVN

-- Q target caic.

P target calc.

- FL ~f1/3

Hl I H max ~set up to

- printing
F' H imi 0 routines

'74 FTI4
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Section 3: Programs 3.0 - 3.2

Probability of Damage to Point and Circular Targets
With Normal or Uniform Target Element Distributions.
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"DNA AP-550 PROMPT Al HTI
Pd to POINT and CIRCULAR TARGLTS, NORMAL and UNIFORM LI TJ

CEP (ft) Taryet Offset (ft) Udfilage 3. PId
Radius (ft) siuii

Weapon
Radijs (ft)

SOURCES OF DATA:

Defense intelligenlce Agency, Physical Vu Inerabil1itv ado-
Nuclear Weapons (U) , All-550-l1-2-60- INT, june2 1, 19WhO, hariit IV,
Section A.

DESCR1PTION:

A oi e 92RL K3Ve

The objective of this set of 3 proqrrams is; to(1 uI dt he

probabi I i ty of dlamage (Pd1c) t o po i n t andi c i rcu I a r a reo, t i I I t F,

NormalI and tin i f orm ta rget ecI unment (Ii Ft r i bu t i Ois (ti i ~ deredl

For area targets, the probability of daaoi;eu ah toI

the expected propo r tion of the targect to h~e in.s h

adljusted CEP miethodol ogv is ut ilized to c wss;putu the P'd to

circular targets. Auxiliary magnetic cardl proorams for

computing Pd to area targets of geometries other than circular

by the weighted average point method are ;iven in Appendix D.

B. I1nvputs-Outputs

The three calculaitions compri 51nwl this prograim !;et aind t hwir

n~ cssaxinputs are- as fol lows:

Program 3.0: Pld to poi~nt targets,

InrputS: Weapon radlius ( ft)

CEP ( ft)

Offset (ft)

Dajmage f;i ;ma

Preqram 3. 1: Pd( to ci iciil r no(r-mal t ar~wt!;,

Inrputs: same as 3. 0 with the adi t ion of t argo(t i u;(f i

Pr'eqram 3.2: I'd to Circular1 uli formtarp

I n~pul S*:;,Il( 1!a; 1 . 1
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C. Limi ts

Weapon radius (WR) :Wfl > 0 f t

CEP: CEP > 0 ft

Target radius (TR) :TR > 0 ft

Offset (x) : x > 0 ft

Daimagje sigmia (,): 0.1 - 0 0.5

L). Data St orage Locations , Printef Aipha-numeri~Cs

The user can find the following information stored in the

indiicated reg isters (R):

Variables Reisters Alphanumerics

Weapon radius (ft) 1112 W

CEP (ft) R15 C

Target radius (ft) R16 T

offset (ft) R17 x

Damage sigmia R18 S

Prob. of Damage only in display

E. Additio-n-al -information

Si-ssing R/S will initiate the previously kcyed-in type

of calculation even if the inputs are changed. Several CROM

programs require an input of target radius (TR) . If one of

hese programs is run prior to cne point taruiot cliicul at Lol

and the calculator is not tarned off, then on, the va-luc oft

the target radius previously entered will be printed when the

point target calculation is initiated. At all times, however,

a1 t ;iraet rldi us of Zero will be i n jt ern'i I y 4 ' t hi 1)() Tit

tiriet- ca I cii Ia tion .
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EXAMPLE 3.0, 3.1, 3.2

Given the following information, calculate the probability

of damage to a point target, circular target of normal distri-

bution and radius of 500 ft and a circular taraet of uniform

distribution and radius of 1000 ft.

Weapon radius = 8500 ft

Damage sigma =0.2

Offset distance = 6000 ft

CEP = 1000 ft

STEP INSTRUCTIONS INPUT KEYS DISPLAY PRINT

1 Turn off, then on 0

2 Select program 01 2nd 01

3 Enter weapon radius (ft) 8500 C 211500.

4 Enter CEP (ft) 1000 2nd A' 1000.

5 Enter offset (ft) 6000 2nd C 6000.

6 Enter damage sigma .2 2nd D' 0.2

7 Caic. Pd - point target 3.0 2nd E' 3.
50 0. I*

1000. C
0. T

6000. X
0.2 S

0 .9 0.9 q

8 Enter Target 2 radius (ft) 500 2nd [B' 00

9 Caic. Pd - circular target 3.1 2nd E' 3. 1
normal distribution ()00 . 1.

00. T
60(0. X

0.2 S
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STEP INSTRUCTIONS INPUT KEYS DISPLAY PRINT

10 Enter Target 3 radius (ft) 1000 2nd B' 1000.

11 Calc. Pd - circular target 3.2 2nd E' 3.2
uniform distribution 8500. W

1000. C
1000. T
6000. X

0.2 S

0. 889 0. 889 P

4H

Al p-



EQUATIONS

Definitions

P = probability of damage

WR = weapon radius

CEP = circular error probable

TR = target radius

X = offset

= damage sigma

CEP = ad ius te CEPa

= WR/CEPI

= X/CEPa

E= offset at which P = .5

c' = offset at which P = .98

Calculation of adjusted CEP:

CEP = CEP 2 + K x TR ()
a

where

K = 0, for point targets

K = .231, for normally distributed area targets

For uniform target distributinns,

K = .4, if WR +CEP +X I TR

= .5 otherwise.

Calculation of probability:

P (1 + exp(R)) , where R = R(x, W, (): 2)

3n[ (1- 2)WR/X]
For W ' 30, R = -. 07Z 3  1.6Z, where Z = (3)

For W 30,

P = R' , if x 2 4)

= R' + cos (45x) (R 0 + X - R') , if x 2 (5)
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where

Rt = TL(x,', ' ) + [1-a (W )W,

R 0  = (3.6 -2)W -  (1.3+1.1 ) n[W(.24+,)] (7)

a(W, = exp ( - 2( + 3. 7) (7lexp -.3 y + !y ) (8)

= 7000 5 . 6 exp(-21 ) (W- 5.5) (9)

T(x,W, ) q tan(90) , if b(x-, ) 90 (10)

Sq tan (-90) , if b(x-,) -90

Sq tan (R (x-)), otherwise

T' tan (b (c' -- ) ) I

L =qn maxx -, ,0 + 0 12)

in ax 2 d + 10 (13)L' = n x_+2 5

q ( - 1 -3.89 (14)

= w-.2- (;+<) (15)

2.23 -5 -2.23
- .61(W +- 4 -3.2)( + 10) (16)

= in .6 + %p(1O - 1.1W)

+ 2-1 Wxp k-(xp(2.69 ,)-2.7 + 9.47) (17)

b = 26jem (-2.1 - ~W1.6) (18)

All triqononreuric arquments are in deqrees.
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PARTITION FLAG COMMENTS FLAG COMMENTS

02 Suppresses
7 printing of

AUTOMATIC probability

LIBRARY MODULE 07 Test for limit
CROM A-1 check error

(Program 3 ________ ________ ________ ____ ____

DATA REGISTERS FOR EXAMPLE 3.0 LABELS
DATA REG. COMMENTS STEP CODE KEY COMMENTS

- Code for called program e
I- WW 2 tangent func.

-- indirect recall (Pgm 9) og function
CFPa R-P

Di, Xused by LBL P
alphanumeric for D - -- -P

(-alc 3.) calc. P.

(caic. 3.1
not used - calc. 3.0

I calc. 3.3

c calc. coeffs.
HOB (from Pgm 2)

* - -- WR

n tot used

-- CEP
-- Target radius
- Offset

- Damage s i gina
- not used

-- b

- a

pi (for calc. 3.3)
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PROGRAM MEMORY (LIST)

STEP CODE KEY COMMENTS STEP CODE KEY COMMENTS

- - Label A'.

Label B'.
- x display (x or i -- - (f 0 set to 10

(quard diqit)

Label E'.
-- b

e + 1
if b(x- ) 90, set=90

If 1b(x-c:) -90, set=-90
Label D'.

(for option 2.3)

F

tan [b(x-, >1 Al phanumerics for E

L Ej' Label C'

Ii 
f- WR
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PROGRAM MEMORY (LIST)

STEP CODE KEY COMMENTS STEP CODE KEY COMMENTS

"-44 -~ -- -- X/.9

-- D./CEPa D ~- -

- Label ADV

7 Qffset=x (x or D)

F Tangent part of R0

Logarithmic part of R ---. cost(45x)..

T

L CalIcul ate P fromr P

(return wi thout print-
- -. - ing if flag 2 set

a

Print Prro[ahility
F

-q -

_ T LTI- L
-. - -P -q -T ~i -- - Pd for Circular dnifnrlF

F -.Tarqets

( F
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PROGRAM MEMORY (LIST)

STEP CODE KEY COMMENTS STEP CODE KEY COMMENTS

D+

:i If WR +CEP +x > TR, I WR >0
then K .4

WR (round to 3 signif-
icant digits)

(set up for x)

- Return after
7: printing WR if

:3 1 (K in display) Fa(O)>.

Label B. -

Pd for Circular Normal
Targets

-~ KfornormllySet up automatic

distrbute are - - printing parameters.
targets-- -

label A.-
Pd for Point Targets- -

K for point targets Print P
a Lbels A ,P,C start here'

Label D starts her-

TP - r; i rj ra wu

-- Z PP - Print off,,t

0- -et U~ f 0r K)

- CEPa E 'CP 2 + TR~ S'

a
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PROGRAM MEMORY (LIST)

STEP CODE KEY COMMENTS STEP CODE KEY COMMENTS

C7 Print sigma

- WR/CEP

(if WR 30)

- X/ ~CEP

Otewie CLEA Labe Lab.

Cacarte probability , b

R b

Calculate a (lEo. 12)

Lae D.
Caclae probability__ _____

55



PROGRAM MEMORY (LIST)

STEP CODE KEY COMMENTS STEP CODE KEY COMMENTS

13 '9-seA 2,- + 3.7 7)Calculcte >~(I 17

.71 exp(-)-

Calculate r(.9

4 2' 1FL (1~. I



PROGRAM MEMORY (LIST)

STEP CODE KEY COMMENTS STEP CODE KEY COMMENTS

4T l - - Calculate (Eq. 17)

C. 0

Calculate -cj (Eq. 15)F

2.7,n

.4

299expf e-6

2. 7n- + 9 47.]
F'

C

C.-7

C."I
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PROGRAM MEMORY (LIST)

STEP CODE KEY COMMENTS STEP CODE KEY COMMENTS
-E P [exp(-.07z -1.6z)

41 1 (Eq . 3)

Flag 7 set for W 30

When Frac(ROO) .4,
7 put HOB into t regis-

tan [b( -) ter, and WR in display
and return (to Pgrn 2).

Coefficient for tangent
- - function, T'

- ni1axju '2+ -- + 1

-Coefficient for lova-
rithrn function , L

Case for 30
a

.-J

I(0



Section 4: Procrams 4.0 and 4.1

Personnel Vulnerability, Weapon Radius
Determination.
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DNA AP-550 PROMPT Al HTI
PERSONNEL VULNERABILITY

4.n *WR

HOB (ft) 'Envronment
(18Select

SOURCE OF DATA:

Defense Intelligence Agency, Physical Vulnerability Handbook-
Nuclear Weapons (U), AP-550-l-2-uO0-INT, June 1, 1969, 1a,irt -IT,
Section A.

DESCRIPTION:

A. Objective

The objective of this set of two programs is to eva uJ t

weapon radii for fatalities or incapacitating casuiltis to

unwarned personnel in various environments. Program 4.0 calci-

lates weapon radii and presents damage si cmas for any 1Pub -nd

program 4.1 calculates weapon radii and dAmage si4mIs ,,is -

ated by detonation at the near-optimum IOB. Airblast an,

nuclear radiation effects weaipon radii are combined in the

manner described on plage 111-2 of AP-550 to form a combined

weapon radius. Therma] radiat ion effects are considered

only for exposed personnel taking no evasive action.

B. Inputs-Outputs

The two calculations comprising this program set and

their necessary inputs are as follows:

Program 4.0: Weapon radius and damage sigma - any 110B

Inputs: Yield (KT)

IIOB (f t)

Environment (see subsection ' below)

Proqram 4.1: Weapon radius and damage sigma - near-optimum tHOB

Inputs: Yield (KT)

Environment (see subsection E below)
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C. Limits

Yield: 0.1 KT < Y < 30 MT

HOB: 0 ft/KT 1 / 3 < SHOB 1000 ft/KT 1 / 3

where

SHOB - scaled HOB

Environment: Env. = 1,2,3,...20

D. Data Storaqe LocationS, Printer Alphanumerics

The user can find the following information stor(,d in the

indicatedl reg isters ():

Variables R}eoisters A]shanumerics

Yield RIO Y

HO (p m. 4. 0) RI] I

E!nvi renment not retained E

WNeapon radiu11 only in display W

Otimum 110B (pi:m. 4. 1) R11 ii

Damagje S igma R18 S

Pe:rsonnel nvi ronrments

The following personnel and environment indices are to

be used in conjunction with the personnel vulnerability programs.

The index number associated with each environment description

is to be entered with key C when executing these programs.

Environment ! nde\x

Personnel in wood frame, wall bearing and adobe
buildings, and forests

Fatalities 1

Incapacitating casualties 2

Personnel in multistory residential, commercial or
iniustrial buildings. Steel or reinforced concrete
f ramed

Fata l i t ies
Incapaci tat ino casIa]ties 4

Personnel in basements
Fatal ti t s 5
lncapaci tat inq casualI i6s
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Personnel in toxholes
Fatalities 7
Incapacitating casualties 8

Personnel in tanks
Fatalities 9
Incapacitating casualties 10

Personnel in deli b r ate underground shelters (2 ft.
earth cover)

Fatalities 11
Incapacitating casualties 13

Personnel in eXpF,,dient underground shelters (2 ft.
earth cove<r.

Fatalities 12
Incapacitating casualties 14

P'ersonnel In inde r, round command posts
Fatalities and
Incapacitating casualties 15

Personnel in open!u rural and open urban areas
Fatalities 16
Incapacitating casualties 17

Personn 1 i n i rhan areas
Any injury 18

Exposed personnel tak-in( no evasive action
Thermal fatalities 19

Thermal incapacitatinq 20
casualties

F . Snec ial Features

The environmont index number is not stored durino prociram execution;

therefore, it must be re-entered each time programs 4.0 or 4. 1 are run.
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EXAMPLE 4.0, 4.1

Given the following information, calculate the weapon

radii and damage sigmas for a contact burst and a near-

optimum height of burst.

Yield = 100 KT

Environment: Index number = 1.

STEP INSTRUCTIONS INPUT KEYS DISPLAY PRINT

1 Turn off - then on 0

2 Select program 01 2nd 01Pgm Ol O

3 Enter yield (KT) 100 A 100.

4 Enter HOB (ft) 0 B 0.

5 Enter environment index I C 1.

6 Calculate weapon radius and 4.0 2nd E'
damage sigma 'j

0. 1
7070. 7070.

7 Calculate weapon radius and damage
sigma for near-optimum HOB

2 Re-enter environment index 1 C
9 Initiate calculation 4.1 2nd E' 4.

100. Y

Note: The near-optimum HOB is 1. E
printed with the inputs in 3713. H
an unrounded format.

9,00. 3

*prints as 3713.271067

h 3



EQUATIONS

Definitions

Y = yield (KT)

HOB = height of burst, feet

IH = scaled HOB = HOB/Y 1/3

E = environment category

WR = weapon radius

= damage sigma (calculated by the CROM)

Q(x) -- approximation to the complement of the cumulative
normal distribution

V, M, K, x 0, 1B' R' are parameters for the first 18 environment

categories that are stored in look-up tables in the CROM.

Fi 100" 0K OI o 10
lO 1  0K 1 0 B i0

1 12 20 62 8 4 2

2 5 28 43 10 5 2

3 14 26 62 7 3 3

4 5 33 43 10 4 3

16 28 62 7 4 5

6 7 36 33 9 4 5

7 21 14 0 0 2 3

8 16 23 0 3 3 3

9 21 21 0 0 3 3

10 17 29 0 0 3 3

11 27 0 20 0 5 0

12 21 0 0 0 4 5

13 16 12 0 5 4

14 0 12 4 5

10 ii 0 30 03

0 2 04 9 1)

17 7 3, 62 9 2 2

8 1 ,1 5 0 9

T.ibl' 4.1] . P'ararntr.; fWr th, fF st 1I ,.v rn~ m 7, , .

6 4



For the first 18 cattogories, WR is calculated by combinirq a blast

weapon racdius with a radiation weapon radius:

WR :WR 2 Q- nk-R]- + WR2 Ql 'nk ]

= !W-r.) 2 1 WIB

WI WB~Q R13 WR R

(WR2~

1-

Q(x) : i - [i + exp(-x(l.6 + .07x 2 ))] -l!

2 2 2 2 2 2I? n(l - n - n -+ RrI B B ' B IB

r =. WRIexp(i:.2), (0)

W rB:: r0e(blas) an (6

r 50 blast) is obtained from calcu],at i I'' fron the<-

P-tarqet code (which assumes = .2) ,'Q "r:t tt

(blast) by

2

r 0 (blast) (1- -2)WI(blast) = .96WP(hlast . (9)

The radiation component of the weapon radius is calculated as

follows:

WR = W11 eIe-'01xP(. .. B t- L W_, + (10)

The four parameters, WI?, W1I, W , W , are calculated as functions

I of yield and [tOB:

W'0 = -. 8 r ]0 C2(7 B])  (1])

r 50 blst) s otaied fom alcu~ifin .%T! rc th

P-taqet ode whic assmes 2) i 65

r 50(blat) b

r I- (bl st) (1 - 2 WR~ las ) = 96W H- I-is (9

DO R



Yt  YO I + exp -. 6  - . (12)

,I C)q 7,0  + v 1.6 1kY10

aexp(l.3(y-yc H 4
0 3exp[.3(y-y c) exp(-2/Y (14)

where:

y loq Y, (15)

a = - .6 + i£-.61) + .11 + 277 ,103 and (16)4 Y6

1c + a/.38 (17)

WR 0 = y 1 0 (m-W 0)Ym (18)

W, =255 - .1811 + 161q
(p+ip,) (2.8+(j) , for i , 700 (19)

W 255 - . 18Hfo l>70()w (P: , (2.8+q) for 1 > 700 20

where:

4 _ _

q = cos (.9ll}exp 3 3 1 /and (21)

1

11 - 8.5 - nil - Io CY. (22)

(Trigonometric argument is in deqrees.)

+ z

w 2 loqY - 7, if .5 2 )

- 0, otherwise

+ = " cxp)13 lojY - 30 + 8 + ) (2)

For onvironment cato.;ortes 19 and 20,

+R- [ ,(''-L) !1  wh ore- a, ,, H, p are: 2%

W6 P
00



Coefficient Class 19 Class 20

a - .8+ .3exp (3 4 ) .4 + .7exp(5 30) (26)

10 3, .1H + .46 + .27exp -HI i+ .37 +667 \1301 1100.667+ +

.20exp(1 4 b (27)

4b .006exp -) .005exp( H (28)

p-.445 )(-44)_29(18.3)( (9
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PARTITION FLAG COMMENTS FLAG COMMENTS

02 Supress print-1

AUTOATICing temporar-
AUTOATICily (copies

LIBRARY MODULEflg1

CROM A- 09 Distinguish

(Program 4) ________ from 4.0 ________________

DATA REGISTERS FOR EXAMPLE 4.0 LBL

DATA PEG. COMMENTS STEP CODE KEY COMMENTS

H data unpacking
e -

digits in coefficients xoY-
-~ - y1.3 X-0(x)

- - - - - -sh ift f rom r to
- used by Pgm 2 W rn O

- -calc. Y1/3

-calc. 4.1
- caic. 4.0

-- Yield
HOB

II Environment
packed coefficients
K

V0

AJVN

H, scratch
90, scratch

Wl scratch
S Cra t Ch

- scratch
* ~2,scratch

P, scratch
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PROGRAM MEMORY (LIST)

STEP CODE KEY COMMENTS STEP CODE KEY COMMENTS

-- ~Label A'.F -

Data unpacking:I

Shift decimal by 1:C

Qog(R02) places F:~ x
Label E'.

C tr eane Used in combining
- algorithm.

.og(R02) digits -- - 6r

Retrieve in .7$ f orm
Label B'. 2

B

e -

___ ___ ___ ___ ___ - Label E .

Label1 C'. hc and print HOF

. ogY+1-
'For i ndi rect RCL (PrIm Q)

~Label D'.- 1H
- - -Calculate Q(x)

(approximation to

complement of the

cumulative normal 103
dist. )) rY1/3fi F(

- j Print HOB

Label D.

'cllcul atc Y ~

E 1''

1A4:
09_______________________i



PROG RAM MEMORY (LIST)

STEP CODE KEY COMMENTS STEP CODE KEY COMMENTS

1/3

*..Y HOB . Retrieve rpack~d
coefficients

7 L Z L Label B.
00t. HOE ~I 8

print results
Labe A.(calculation ic, already

given HOB compl ete)
-- -- Flag 9 uB normal- - -

Flag 9 down use opt.
HOB
Initialize flag used to
suppress printing
temporarily

Print Y -H nl

Skip register pointerB
to R12 environment t

W I inae 01 )

Upper limit

7 Print environment Br~ R
category

F£

[3 - ;see [q.5

1 (If E1-=15, t hon sk in
radiation (.ow I*

Nulliler of dici ts for
dlata 'innackinn - (~~00i~ XH

Orn'grari , tep 1 ofit ion
orpackpd oefficients, (I (T'I
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PROGRAM MEMORY (LIST)

STEP CODE KEY COMMENTS STEP CODE KEY COMMENTS

Caefo OPT ~lO Eq. 21 (cont.)

q q+2. l 0. 9H

- Store HOB optimum in Rll
Cr7

- Calculate P.JN; Print :
- HOP)-- -

E HO~yif H 700 skip factor
-0 at 16lq in WH

y
- 0

7 HOW'

F> y-' (from Pqm 2)

- WH see Eq. 19

- If H05-0, skip WH, W-
W. w

-y

q: see Eq. 21-

p: .ee [a.



PROGRAM MEMORY (LIST)

STEP CODE KEY COMMENTS STEP CODE KEY COMMENTS

- ~Eq. 22 (cont.) - -

Eq. 19

[ q. 1' o (( l11

w

if /.5, skip W.0

HE

Y6 in i d~- in Vlv

W, see Eq. 23-

- w.

- W W. in P~k)

PC LK]f



PROGRAM MEMORY (LIST)

STEP CODE KEY COMMENTS STEP CODE KEY COMMENTS

Eq. 24 (cont.)

- Eq. 16 (cont.)

-. -24 8
0T 1 F

w
y y6

W H WY-

yCsee Eq. 17

y -ogy
YC

- WRR see Eq. 10

- Hexp[l.3(y-y )]

C7C

-WR R
WV
0 __

FStart of surlace a
- burst casese

Fq. 14

asee Eq. 16 4~

4 ~~ w4±-~
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PROGRAM MEMORY (LIST)

STEP CODE KEY -COMMENTS STEP CODE KEY COMMENTS

401 2 AWO 4t512 L W,

47A4S I W0 Qogy 0 ' in R12 E2 85 /RB\~-

47 77 m: see Eq. 13 524 55

47j~~ VDf52l3iO

479~~~~- S5+5622A

4SO 0 1 5 " 13 'Be

WR! see Eq. 18 Er L _ anQ 4

as PR: se Eq. 10

WR (blast):R see Eq.9 Q( E3 3P
491 0(st38edlin;P12)

492 5 mfg~oy - '\W0+ Oy 1

494 ~ ~ -~ n(q 7) L R e q 0

E B
4WRB [q)r 0 n 12 E 4 0

2i WWR

504 I - 1 5

Not ___ 552_________ z?________ V I

500 ?315574



PROGRAM MEMORY (LIST)

STEP CODE KEY COMMENTS STEP CODE KEY COMMENTS

Qk1 n(WB Print WP
-: RB

RB t-

WR7, Case for E=15
2t

g When HOB0op is selected

I HOB

4 Calculate AJVN

r(EqI. 2)

Class I

opt

s-i Print res ults

h rr ils n

hi nvirmmn W



PROGRAM MEMORY (LIST)

STEP CODE KEY COMMENTS STEP CODE KEY COMMENTS

Class 4

Class 9

Class 5

Class 10

Class 6

Cass 1

Class 7 -

Clas's I"
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PROGRAM MEMORY (LIST)]

STEP CODE KEY COMMENTS STEP CODE KEY COMMENTS

- Class 13

- Class 12,

4-Class 14 to tb (E(,. 22)

- -(to a (Eq. L-6)

Cl ass is -2
\to h (Eq.2)

-- to a (Eq. 26)

For environment
-Class 16 categories 19 ind 20:

i inE in [

- OPT

17/

-4 -4j



PROGRAM MIEMORY (LIST)

STEP CODE KEY COMMENTS STEP CODE KEY COMMENTS

13 11/3

-'2 dilit cw 'fiO

HOB unpack ir,/1

Print HOB

unpaCk V~

a: see Eq. 26)

h: see Eq. 2

See Eq.11

4b) Frrtaret

S et i f f Ia o 1 %las
011ii nall seot

a: se e E(.26 C'n r

(I

F ic

-, E 21 C

fwi Z'% jr- '1

~~0)~: (i':4s j



PROGRAM MEMORY (LIST)

STEP CODE 1,cY COMMENTS STEP CODE KEY COMMENTS

9 40
'141

Subroutine used by
/-environment categor-

ies 19 and 20.

- -) (Next coefficient=_i =-- - has 3 diaits)

NOTE: Overflow from
this program is in
Pgm 9, steps 108
through 186, located
at page 1-17.

*7 9



Section 5a: Programns 5. 0 and 5. 1

Radi us of Sa fety and ''linimum L;a t
Distance Calculations.
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DNA AP-550 PROMPT Al HTI
MINIMUM SAFE DISTANCE

Troop Vulrierability Acceptable Desired
Disposition State Risk Assurance 5.n - RS MuI1

Yield (KT) HOB (ft) CEP (ft) Offset, PEH (ft)
(ft) (if) of Safety PH(f

SOURCE OF DATA:

Defense Intelligence Agency, Physical Vulnerability Handbook-
Nuclear Weapons (U), AP-550-1-2-60-INT, June 1, 1969, Part lII,

Section C.

DESCRIPTION:

A. Objective

The objective of this set of two programs is to calculate

the radius of safety (RS) and the associated minimum safe

distance. The radius of safety is treated as a function of

desired height of burst, yield, troop vulnerability condition,

the acceptable risk category (see subsection E), and vertical

delivery error, i.e. , the probable error in height of burst (PE).

Considering the PEH in the radius of safety calculation

requires that the user also define the confidence level

he desires. For example, if the user desires a 99% assurance

level value for the HOB used in the radius of safety calculat ion,

3.5 x PEf will be subtracted from the entered 110B. After the

radius of safety calculation the program proceeds to calculate

the minimum safe distance (MSD) . The MSD is the sum of the PS

and a buffer distance. The value of the buffer distance is a

function of both a multiple of the circular error probahle (CUP)

and the troop disposition (see subsection E). The multiple of the

CEP used is a function of the desired assurance that the

acceritable weapons effects will not be exceeded.

An inversion of the above buffer distance calculation is

a]I:;o provided which allows the user to determine the probability

that a population located some distance greater than the radius

of safety from the desired ground zero will experience no

greater than the acceptable weapons effects.
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B. Inputs-Outputs

The two calculations comprising this program set and their

necessary inputs are as follows:

Program 5.0: Radius of safety and minimum safe d'stance.

Inputs: Yield (KT)

HOB (ft)

CEP (ft)

PEH (ft)

Troop disposition (see subsection E)

Vulnerability condition (see subsection E)

Acceptable risk (see subsection E)

Desired Assurance Level

Program 5.1: Probability of not exceeding the acceptable

weapons effects.

Inputs: CEP (ft)

Offset (ft)

Radius of safety (ft)

Troop disposition (see subsection E)

C. Limits

Yield: 0.01 KT < Y < 30 MT

HOB: 1OB 0 ft

CEP: CEP 0 ft

PEH1: PEH > 0 ft

Troop disposition: 1, 2, 3, or 4

Vulnerability condition: ] , 2, or 3 Sec subsection 

A'cceptable risk: ], 2, or 3 S
Desired assurance: 0.6 P - 0.99

U ).ata Storag(i locat ions, tPrintor Alphanumer-icr

The u'er can find the fol]owinq int ormition ,;t (oi d in tht,

*d r ;i ; ~ rs
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Variables Recisters A lph an umer ics

Yi1elId (KT) RIO Y

HOB (f t) P11 If

R12 C

offset (ft) P19 X

P,,diuE;L, of Sa-fety (ft) R13 RS

dA i sp i it i Oil R15 D

I I I~a bi 1 iy R16 V

Acceiptable risk R.17 P

Desired assurance R18 P

minimum safe distance only in display M

Probability of not
exceeding acceptable only in display
weapons effects

E. Troop Disposition, Vulnerability Condition,and Degree
of Pisk Categories and Associated Inde-x Numbers

1. Troop dispositions: Indices

Linear 1

Quarter-circular 2

Semicircular 3

Circular 4

2. Vulnerability conditions:

Unwarned exposed 1

Warned exposed 2

Warned protected 3

3. Risk categories

Negli giblie I

Moderate 2

Emergency .3

F. Additional information

P~irt 1T I, pages 64 and 65. Tr(e snq R/S will in it iat, hef_

previoulsly keyed-in type( of calci1Citi i e VelI if hel( inlpts

are chang', d.

V - ~ .~8 ,



EXAMPLE 5.0

Given the following information, calculate the radius of

safety and minimum safe distance.

Yield = 10 KT troop disposition = linear

HOB 1 1000 ft vulnerability = unwarned exposed

CEP = 500 ft acceptable risk = negligible

PEH = 100 ft desired assurance = 99%

STEP INSTRUCTIONS INPUT KEYS DISPLAY PRINT

1 Turn off - then on 0
2nd2 Select program 01 2 0.Pgm Ol 0.

3 Enter yield (KT) 10 A 10.

4 Enter HOB (ft) 1000 B 1000.

5 Enter CEP (ft) 500 C 500.

6 Enter PEH (ft) 100 E 100.

7 Enter troop disposition 1 2nd A' 1.

8 Enter vulnerability condition 1 2nd B' 1.

9 Enter acceptable risk 1 2nd C' 1.

10 Enter desired assurance .99 2nd D' 0.99

11 Calculate radius of safety and 5.0 2nd E
minimum safe distance 1. 

I 000J. H

1)0M. C
100. PH
I . 1)
1. V
9. 1

] {9 {.9 P<

16900. 16900. M
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EXAMPLE #5.1:

Given the following information, calculate the probability

of not exceeding the acceptable weapons effects.

distance from troops to desired

ground zero, i.e., offset = 8200 ft

radius of safety 7000 ft

circular error probable (CEP) 500 ft

troop disposition = semicircular

STEP INSTRUCTIONS INPUT KEYS ISPLAY PRINT

1 Turn off, then on 0

2 Select program 01 2d rd.Fq11i 01

3 Enter CEP (ft) 500 C 500.

4 Enter offset (ft) 811200 D 1,00.

5 Enter radius of safety (ft) 7000 0 M00.

NOTE: Offset and radius of
safety must always be entered in
the above order. If one is to be
changed, both values must be
re-entered.

6 Enter troop disposition (see
subsection E) 2 2nd A 2.

7 Calculate probability of not ex-
ceeding acceptable weapons effects 5.1 2nd i I

_ _ _ _ _ _ _ _4



Equations and listings for prairams

5.0 and 5.1 are included wit-h those icr

prog rams 5. 2 and 5. 3.



Sec iufl 51: i'roq rams 5. 2 and 5. 3

FI loll S~c Hig~ht of Burst Calculations



rDNA AP-550 PROMPT Al HTI
FAL LOUT SAFE HEIGHT OF BURST

Desired
AssuranceHO

Yield (KT) HOB (ft) PEll (ft)

SOURCE OF DATA:

De fense Intel 1 ifjence Agency, Pnvsi cal VuinerabiIi ty iolk-
Nucleair 7Nuapons (),AP-550-l-2-6O-INT, June 1, 1969, Parit 111,
Se)ctian C.

1) ESC RI I1 OIl0N:

A. 01h j ot- i vye

The oh j-ctive of this Set of two proqjrlms is to

Ih Cmiin rloum f allult--safe hig~ht of burst , or '!I t-.l it I

p ro1~bb I I ty' thlat I eI(ct-eu 1103 Wi I 1 r2So it- inl anli

w"hich is fallout-!:vafe. The ca Icul at ion for mlimu 'ilo

e 101 i bse upon f ireball;i/ ard11J the unolit I .'I

actua I11 (i P.,['11) duo(- to ilol ivry svtt i :1.. I

sere-(forIet, the1( urmust Spe('ci fy th I('A, u r, Ie le I (.%- -

T') nd( the 1ni iin l tU I act111 HOP I (lB I i oh ",.1 P 1 l I',

ra-m -). 2 s;hou 1,A he,- ra n w it P11l

*I .)

11( ) f

t fu~ f

Pi FH t I 1 0 t

i*:I t,'V



D. Data Storage Locations, Printer Alphanumerics

The user can find the following information stored in the

indicated registers (k):

Variables Registers Alphanumeric s

Yield (KT) RIO Y

11OB (ft) RI H

11:11 (ft) R14 PH

Desired assurance R18 P

Fallout-safe HOB only in display 11

Probability that P
HOB is fallout-safe on] in display

E. Special Features

Pressing R/S will initiate the previously keyed-in type

of calculation even if the inputs are changed.
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EXAMPLE 5.2, 5.3

Given the following nformation, calculate the fallout-safe

heights of burst corresponding to the two desired assuiances;

then invert the calculation using the 110B calculated for the

second given desired assurance.

Yield = 10 K'T

PEH = 100 ft

Desired assurances = 99%, 75%

STEP INSTRUCTIONS INPUT KEYS DISPLAY PRINT

1 Turn off - then on 0

2 Select program 01 Pgm 0.

3 Enter _ield (KT) 10 A 10.

4 Enter PEH (ft) 100 E 100.

5 Enter first desired assurance .99 2nd D' 0.99

6 Calculate fallout-safe HOB (ft) 5.2 2nd E' 5.?
10. Y

100. PH
0.99 P

651. 651. Ih

7 Enter 2nd desired assurance .75 2nd D' 0.75

8 Calculate fallout-safe HOB (ft) R/S 5.2
10. Y

100. P1
0.75 P

17.

9 triter HOB obtained in last calc. 347 1 41,7.

10 Cal c . probability of a fall out-
safe HOB 1) A rid F

"* /K :

0.7 ,] [



EQUATIONS

Def initions

Y = Yield

HOB = Height of burst

CEP = Circular error probable

RS = Radius of safety

X = Offset

PEF1 Probable error in heiaht

V = Vulnerability sate

R = Acceptable risk

P = Desired assurance (probability)

RSSR = Slant range radius of safety

B = Buffer distance

MSD = Minimum safe distance

Calculate RS and MSD:

A slant range radius of safety is calculated as a function of

Y, RSsR(Y), and the actual (ground range) radius of safety is

calculated as:

RS RS~ 2 HOWIJ(

and the minimum safe distance is calculated as:

MSD = RS + B (2)

where B and HOB' are functions of the error distributions:

HOB' = 11OB ± in I - i)(

B = CEP b - a P- .

where a and b are functions of troop disp osition -<, Tall,. i

Calculation of PSSR:

N P (neglijible risk)

1" SR (moderate risk)

RS, (em rqniy risk)
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For VUL 1, (5)

7000 (Y-. 005) for .01 Y I
N 6250 (Y+.3) for i Y 10'

I N/1.22 for .01 Y < 1

N/I.2 for I Y. 10 5

1 M/.35 for .01 Y 1

M /1.27 for 1 - 10

Uor VUL - 2,

7 000 (Y-. 005) .13 for .01 1

5000(Y+i53.5).36 for 1 10

M N/1.22 fur .01 1

N/1. 2 for 1 0

NI/1. 35 for .01 1

: '1/1.27 or I _

Eor VUL = 3,

8576Y "2 for 01 '

N = 7332(Y-.05). for .1

3308Y' 3 4  fO I

I N/1.4 foi- 0

6069 (Y-. 075) .1 or 1 90
217 5, 34 ri
~2179Va 90

NI!. 5 for 300 Y I u

If . r . . I

4 ] fo 1 0v 4. : , ~- 1O ' 10

V t0

Calc'ulation n irobit i K :- inA 1 -7 t

(If ffcts

B : X - PS, anI! :

1 rn t-iI)l, r.[

ix I ,I I d 1
..iI IIn i i . . . . .i I . . .
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Calculation of the minimum HOB which has a given probability of

being fallout-safe:

4 PEH /1HOB = 100y. 1.1 fn;l - i) (8)1.15

Calculation of the probability that a given HOB is fallout-safe:

P ={i + exp[lE5 (100Y "4 - HOB)1 (9)

Disposition a b

1 2.6 .2

2 2.6 .5

3 3 .8

4 3 1

Table 5.1
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PARTITION FLAG COMMENTS FLAG COMMENTS

AUTOMATIC 07 Marks exceeded
limit

LIBRARY MODULE

CRMA-1
(Program 5)_________ ________ _________ ___ _____

DATA REGISTERS FOR EXAMPLE 5.2 LABELS

DATA REG. COMMENTS STEP CODE KEY COMMENTS
- ;Treturn on error

scratch I E' input printing
L indirect register RCL : , ' used in RSSR

i:- (Pgm 9) Print Y, PEH
-! E' correct for risk

cat!-i:Fi5N:'-:5 f: i_- ' SH,'50c/

. ' used in RSSR
H- calc. 5.0

- used in RSSR
calc. RS, MSD

y calc. 5.3
HOB calc. 5.2
CEP calc. 5.1
RS
PEH
Troop disposition
Vulnerability state

: - - Risk
1 -: Assurance %

_19 Offset
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PROG RAM MEMORY (LIST)

STEP CODE KEY COMMENTS STEP CODE KEY COMMENTS

0 LE:,L 0:14? Cl7 1J
001 ~1 T (Return on error) 0 4 E LIU L (t/100)

1:1:2 2RT H 0 49 Clf r (t/100)
N 03 FO 0 5CI ~9 51__

N 0 [OF T~v 0

+ Coefficientsfor prob- F 6 LEL
-l op ability of damage 0 E

1111-4 1!for 4 troop configur- A -

I + ations. 0 II Cu C
584 ul 1

i~1 i9-~ F Print Y
AI~ I, 7- 0

+ E;

F C'- 4 4 C-2

i D :-. =:
I -' n~Print PEH as "PH"

A - b; a is in t register I-- - I

I4 LEL LI EL
Ji I El Prints inputs which BI

F1_ N~r have a lower limit of -1
II -4 I~ 0. F_74 I Used in RSS

I4 I 'Th t.I corrections
1P for moderate and

I' H Used in SR radius I megny ik
II -44+ - of safety: II 14 59

I-.Push operand into HIR ll:Ii TF

II 'I 1 stack I' -:4 FF
Ii EEz t =t register

x =display RI - TH4 _____

II -4+ L B LI-
2I Hi F -x FlH-

'I 42 1000 t

114:D 4 3 1 F! L--

104,1- I FSH, 50'! probability

1) 4 5 ::4T F:19 4C
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PROGRAM MEMORY (LIST)

STEP CODE KEY COMMENTS STEP CODE KEY COMMENTS

094 0 4 4 141 Fl:-,3
'' 9 ?FSH, 50% (cont.) .4I :3 P tl0)95 9 5PT 1 43 ._ t' Print VUL (cont.)

09 E- n :21 RE~ T - 14'3 0 4 f
-7 T " L2 fL 1 4 03 ' ).

1j';- ED 111 4
0':0: 14 6,

in 4 A,-, Print RISK
Used In radius of )

0 5 safety, SR
VUL =3

10 0 4 4 1 S E:F

-j F,.L Ofbe A. C0cto 5.P Rrn onero

F5 desired probability

H 5! L Calculate SR radius
-L I of safety

I t-U! LJ DG ogY

5 3 F F
16- VUL

1 Print HOB
E Ij-*If VUL=3

1 ~ ~ Print CEP 1-

LE }If Zog Y > 0

4~~t Prn H~~ if Y > I)
Prn t H

Otherwise VUL=1 or 2,
Vr. EE

Ev - and Y <1:

4 j 4 Print DISP I. T1'

1 5 FG~ r-1 (see Eq. 5)
1 ~ I h 7000(Y-.005V 3

4 1 'x1 Correction for moderate
I ~~~~ Print VUL1 + irs

14'i w-'- Correction for enieroen-
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PROGRAM MEMORY (LIST)

STEP CODE KEY COMMENTS STEP CODE KEY COMMENTS

190 7, 6 LBL Label DSZ: distinguish rI "S
191 7' D-'" risks - HDPrint RS

1 ~~~ ~ ~ 3 _ 5 .* 2t

192 RFC::L 4 A ' PG I
19;4 717 41 3 CI 9j

- Risk :,E
4- t i 1 4 I T

1 -, 'J ~44 1 RS
1-4 -4 ~ ~ If Risk =1, no cor- p ipsto

HIP rection 4

(negl igi ble) 4 ~ E
17 E' 1 4 i: t Get coefficient for MSD

'' EQ If Risk 2 Lj 5~ Xqt 1 a
;4H' , (moderate)

0I HIP R.C

li-1 Case for Risk =3: 53 2 I a

1: t.LBL Label ADV Tb

lii S'1B:E RSS in R01 25 FLCE
C4 SR.-1.

21, ' 4 24 1.1559 1 +
-17 I ~ in t register R

. 4 13 FCL1
5 1 1 1 HOB +.

1- + i
21-7 ':3-BR -4

1 IIi PEHz~ 6~ HO5
2 1 U F1 0 1- ( Print MSD

22 ' I
(Eq. 3)

4., CL E,9 F: L
0 1i RSR 7 ! :-'_ RS-t

._5 9 5 FT H' MSD in display
* -~ R 2  

' -LEL Lbel D. Calculation
44+ R Ground range 4 4r .

U FE (E.1)5 E Print Y, PEH

- 1 ~

i.' CLR TO L
42 4 F RS PrnH

4 ',Print RS 81 C,
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PROGRAM MEMORY (LIST)

STEP CODE KEY COMMENTS STEP CODE KEY COMMENTS

7: -3 + Lower limit
4 i 7I -,7 Return on error j- RSCE+

4 44 1.15 in t reg.HPitofe
PE$ -4 ' EE(cont.)

-1 GTO 1OOY* HOB 1
;-4 4

PrinP(E.9

4 2- LL Label C. Calculation -41 H
'4 5.2 4 21 1 H

45 E Print Y, PEH 111
r4CE~ Print radius

F3 04 10013 3__i e j: of safety

'- C4 ,4 Print dispositio

0n 0 I!L FF 34 0E
FFr1Return on error :::_:t. 0F

A- 1 4411 Print distancetion

14 HDY

1E H 5154 E ,I
F!: 1- FL61(E.8L3

FI 1 10 "C Prin CEP! 1FL /E
.:3 -4- 1 R 3

12, Ot12
T CEP'

t



PROGRAM MEMORY (LIST)

STEP CODE KEY COMMENTS STEP CODE KEY COMMENTS
(11.15 ) 4,-,:-- :, R' FT N

-7 , a2 (T a for calc. 5.3 R
7E 5 :.4' 4 C: i 1

TI, ' r ':11 1
: ,7 :3 L N 4": 426 0i 1

+ 4 5
: ,1 0 H -,, ,1 p,, 4 ' , 55I

: 4 -4 4:3 ROL
I- UT 4:-,0 14 14

4 1 4:31 -? =15
-: 9 - 4:72 k IT PEH
-:5 1 P (Eq. 7) 44:-* 4

:A 'D: : ,F - M43 -4 R T N
F' tl 4Fift_', ''-' 0 Print "P" 4E7 4:: F: L Case for VUL/3, Y > 1:3~~~ '?0 1 :7 t: 1

'4 F T N 4: 3 -: :-: 2 T

3 Disposition 4 39
3 :441- ' E Q

.4 3441 54 '4 If VUL=2
:_

4
C95 w- t, Used for retrieval 44 C

of coefficients 44:" ;D 4 Case for VUL=I,

:37 U4 4 for 4 risk 444 u0 U y > 1
: : 5 = categories - 4 T5 -::.

:9A9 42 .TO See note on 446 06 6

40!0 CI :101 coefficient 447 02 2

401 f7i 1 retrieval 4 05 5 4
4 0'.- 4 0 For 4 49 0 7 6250(Y+.3).

40:3 Disp: RO1: 4 61 ::.:404 = .- 451 0:
4.4 : 1 0 0 4 4-5
405 2 008
4 0 t" ] 0l 3 012 4 _3 'D U 0
4'7 01 C 1 4 016 4 51 4 '4+.. -
40 F-: '- L P Print P 4 5r5 1 A'

41TH4 09 4 8 : 5 6 6 ! T
41'' '->: ' T 4 F. 04 04

411 Print "P" 4 5 9
412 Hr r_ Low 460 -r r Case for VUL:2, Y>44: :: C - -, , -
4 1 4 

461 : T414 ' '- 462 H5 9
41 9 '9 High 46: 5 EE
4 1 464 :
41 , 4 E 54 1-- 

4 ,, 466 '1 1

42 1 09 0 9'9 4 6:3 ' C 0

4 1 H 46'9 11 H
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PROGRAM MEMORY (LIST)

STEP CODE KEY COMMENTS STEP CODE KEY COMMENTS
470' 94+ 36 517 32X1T .1 < Y < 30
471 H6A (L.5+U)3 x 5000 518 07

I I Corrections to 500

475 02 ~ moderate and emer- 526

476 07~ gency risk 530

481 -95580 :3 Case for VUL=3, RISK=2
48 22 A 1 N1 ogY-'-4, t reg =3 52 8

48 90G 509

486 7 533 0 16If
48 3:54 01 1 Case for VUL=3, RISK=2,
4885 EE 535 0< < 90

490 28LOG53 0

492 77 GE 59 0
49 05 90 If Y > 300 540 9

494 73 735165::

495 85 + 5420 7
496- 01 1 otherwise j1 < Y < 300 543 05

498 5545 61 G i.

500 7 1 547 ? 3:4- Casefo
5011 67 Eu 4 1 GTC 3308Y*VL3 RISK=1;
502 05 05 If RISK 3 5494 -9- HAl 30 Y < 300

50 85+ 510 Case for VUL=3; RISK=2;

507h 6 54 7 -:1 -4

508 905 If RISK 2 55 01 01 359- ~ 21 5 30 79r 3

512 77 E 55 25 I:LFR Case for VUL=3; RISK=3
513 05 05 560 01 1
514 47 47 If Y~ > 30 561 05 5
51 01l 1 Start of Case for 562 2 ;1T
5 1i E.l0 1 VUL=3, RISK=l 6 04 4
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PROGRAM MEMORY (LIST)

STEP CODE KEY COMMENTS STEP CODE KEY COMMENTS

59S4 C 3' 4 :-11 5 :[ a \

I-n

4341x(Y-.055)
1 5

5i 7 Case for VUL=3; Y 300

.4 3308Y~

C. - Corrections to negli-

~-7 A~ A K *le risk for mod-

- )e. te and emergency

risk categories.

7 Case for VUL=3; Y .1

5 4 5

591 hDF 8576Y
2

(Corrections to

~ ( negligible risk

:1 )for moderate and

emergency categories

Y. CEP orPEH

a 11

604 FL

LI 1
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Section 6: Programs 6.0 -6.3

Probability of Damage Utilizing
Equivalent Target Areas

I
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DNA AP-550 PROMPT Al HTIJ
PROBABILITY OF DAMAGE - E UIVALENT TARGET AREA - VN SYSTEM

TARGET TARGET SELECT
CEP (ft) LENGTH (ft) WIDTH (ft) AIMPOINT 6.n - Pd

LENGTH WIDTH
YIELD (KT) HOB (ft) VN, K VN, K

DNA AP-550 PROMPT Al HTI
PROBABILITY OF DAMAGE - ETA, CRATER RADIUS METHOD

ARGET TARGET SELECT
CEP (ft) LENGTH (ft) WIDTH (ft) AIMPOINT 6.2 - Pd

LENGTH WIDTH
YIELD KT HOB (ft) MEDIUM C.R.MULT. C.R.MULT.

DNA AP-550 PROMPT Al HTI
PROBABILITY OF DAMAGE - ETA, WEAPON RADII SPECIFIED

TARGET TARGET SELECT
CEP (ft) LENGTH (ft) WIDTH (ft) AIMPOINT 6.3 -  Pd

LENGTH WIDTH
WR (ft) WR (ft)

SOURCE OF DATA:

Defense Intelligence Agency, Physical Vulnerability Handbook-Nuclear

Weapons (U), AP-550-1-2-69-INT, 1 June 1969, Ch. 4, pages 28, 30-33, 37.

DESCRIPTION:

A. Objective
•I

This program calculates the probability of damage to rectangular

targets using the Equivalent Target Area (ETA) method. The ETA is an

area such that the probability of placing the ground zero position within

the area is equal to the probability of doing the desired damage to the

target. Given the target dimensions, the circular error probable, CEP,

and the weapon radii for both dimensions, the program will calculate

the ETA dimensions and the probability of doing the desired damage.

The program sets offers four calculations. Program 6.0 uses

the VN system to calculate the length and width weapon radii for

P-type targets, those most sensitive to shock overpressure. Pro-

gram 6.1 does the same for Q-type targets, those most sensitive
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to dynamic pressure. Program 6.2 calculates the crater ;adius

and then uses it to calculate the weapon r-uii. For cases when

the weapon radii are known, irogram 6.3 allows the user to enter

these values ".& proceed with the probability of damage calcula-

tions. Once the weapon radii are obtained, the program uses the

same calculation for the probability of damage in all four

routines.

B. Inputs-Outputs

The CEP, target length, target width and aim point (1 for

center of target, 2 for longer dimension edge) are entered in

all four calculations. The other entries for each prouram are:

6.0: Yield, HOB, Length VN, Length k-factor, Width VN,

Width k-factor.

6.1: Same as 6.0

6.2: Yield, HOB, Medium (1 = dry rock, 2 = wet rock,

3 = dry soil, 4 = wet soil), Length Crater Radius

Multiplier, Width Crater Radius Multiplier.

6.3: Length Weapon Radius, Width Weapon Radius.

A negative HOB is interpreted as that distance below the ground.

Programs 6.0, 6.1 and 6.2 calculate the weapon radii and ali

four programs display the probability of damage.

C. Limits

The following limits are the same for all the pro<:r<or:

Yield: 0.1 KT < Y < 30 MT

Len(Ith: L > Width

Width: W > 5 ft.

Aimpoint: AP = 1 or 2
Pro ram 6.0

VN: 0 < AJVN < 54

k-factor: 0 < k < 9

HOB: 0 HOB < 2308 Yl/ 3 exp (-AJVN/15) ft.

AJVN : Adjusted Vulnerability Number
(for width and length)

104
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Program 6.1

VN: 0 < AJVN < 34

k-factor: 0 < k < 9

HOB: 0 < HOB < HOB x (Y)i 3 ft.
- - max

where HOB is the minimum of:max

900 Yl/ 3 ft.

2308 Yl/3 exp(-AJVN/15) ft.

Program 6.2

0.3 0.3
HOB: -200(Y) < HOB < 20(Y) ft.

Medium no.: M = 1,2,3,4

Crater Radius Mult. : 1 < Length CRM S 3

1 < Width CRM . 3

D. Data Storage Locations, Printer Alphanumerics

The user can find the following information stored in the

indicated registers (R).

Variable Registers Alphanumerics

Yield R10 Y

HOB R11 H

CEP R15 C

Length R16 L

Width R17 W

Aim Point R18 A

Width Weapon Radius R27 WW

Length Weapon Radius R29 LW

10
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(continued)

Variable Registers Alphanumerics

For Proqrams 6.0 and 6.1

Length k-factor R13 LK

Width k-factor R14 WK

Length VN R19 LV

Width VN R20 WV

For Program 6.2

Medium R12 M

Length CRM R13 LM

Width CRM R14 WM

For Program 6.3

Length Weapon Radius R13 LW

Width Weapon Radius R14 W
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EXAMPLE 6.0, 6.1 (P and Q Target Options)

Calculate the probability of damage to a 500- by 50-ft

bridge from the dynamic pressure (Q-type target) effect of

a 0.5 KT weapon which bursts 100 ft. above the bridge. Assume

the relevant quantities are:

CEP = 500 ft Aim Point = Target Center

Length VN 18 Width VN 14

Length k 9 Width k = 9

STEP INSTRUCTIONS INPUT KEYS DISPLAY PRINT

1 Turn off - then on 0
2nd

2 Select program 01 Pgm 01 0.

3 Enter the target length, L(ft) 500 2nd B' 500.

4 Enter the target width, W(ft) 50 2nd C' 50.

5 Enter the weapon yield, Y(KT) .5 A 0.5

6 Enter the HOB(ft) 100 B 100.

7 Enter the CEP(ft) 500 2nd A' 500.

8 Enter the aim point 1 2nd D' 1.
(I = target center,
2 = edge of longer dimension)

9 Enter the length VN, LV 18 D 18.

10 Enter the length k factor, LK 9 D 9.

11 Enter the width VN, WV 14 E 14.

12 Enter the width k factor, WK 9 E 9.

13 Calculate the probability 6.1 2nd E' 6.1

of damage to the bridge from 0.5 Y

dynamic pressure. 18. LV
9. LK

Note: If this were a P-type 14. WV
target, step 13 "Input Data" 9. WK
would be 6.0 and the resulting I00. H
probability of damage (P) would
be 0.347. 375. LW

505. WW
500. C
500. L
50. W
I. A

0.651 0.651 p
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EXAMPLE 6.2, 6.3 (Cratering and WR Input Options)

A solid arch concrete bridge 1000 ft long and 70 ft wide is

to be attacked by a 10-KT weapon which will burst on contact with

the bridge. The weapon,which is aimed towards the center of th,

target, has a CEP of 500 ft. Assuming the length and width crater

radius multipliers are 1.25 and 1.5 respectively, calculate the

probability of damage to the target. See AP-550, tables 1-5, I-6,

1-7, and 1-10 for source of crater radius multipliers.

Change the length and width weapon radii to 350 ft and

300 ft and recalculate the probability of damage to the bridge.

STEP INSTRUCTIONS INPUT KEYS DISPLAY PRINT

1 Turn off- then on 0
2nd

2 Select program 01. Pgm 01 0.

3 Enter the weapon yield, Y(KT) 10 A 10.

4 Enter the HOB(ft) 0 B 0.

5 Enter the medium (1 = dry rock, 1 C 1.
2 = wet rock, 3 = dry soil,
4 = wet soil)

6 Enter the target length, L(ft) 1000 2nd B' 1000.

7 Enter the target width, W(ft) 70 2nd C' 70.

8 Enter the weapon CEP(ft) 500 2nd A' 500.

9 Enter the aim point 1 2nd D' 1.
(A = 1 center of target,
A = 2 at longest dimension edge)

10 Enter the length multiplier, LH l.L5 D 1.25

11 Enter the width multiplier, WM 1.5 E 1.5

12 Calculate the probability 6.2 2nd E' 6.2
of damage to the bridge utilizing 10. Y
the crater radius method. 0. H

1. M
1.25 LM
1.5 Wt,1

142. L W
171. Ww
500. C

1000. L
70. W

1. A

0.298 0.298 P
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STEP INSTRUCTIONS INPUT KEYS DISPLAY PRINT

13 Enter the new length weapon 350 D 350.
radius, LW(ft)

14 Enter the new width weapon 300 E 300.
radius, WW(ft)

15 Calculate the probability of 6.3 2nd E' 6.3
ddnalge to the bridge from a 350. LW
weapon that produced these 300. A'W
weapon radii. 500. C

1 000()O. L
70. w
1. A

0.536 0.536 P
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Ot!Aq'IONS (Note all distances in 'eet)

Def init ions

CP = Crater Radius
L! = Crater Radius multiplier for Lenqth
11" - Crater Padius Iultiplier for Width
RL = Radius of Disruption for Lenqth
RI: = Padius of Disruption for !.idth
I,': = Lenqth Weapon Radius
'."; = 'Width "eapon Radius

CEP = Circular T'rror Probable
T,C!rJ = Adjusted Circular Frror Probable for Lenqth

a
CFPa = Adjusted Circular !rror Probable for W;idth

1, = argiet Lencqth
'= "ar(qet !"idth

LITA = Lenoth Fquivalent Target Area
W"TA = Width Fquivalent Tarijet Area

AP Aim Point (l=Center of Target, 2=Edqe of Tarilet) (dgz)
P -= robabilitv of Damage

, , and are intermediate calculation values

,hr Cal(ulation 6.2 (CR Method)

P, C L.;,I (2)

-1 (3)

!',)z -alculations 6.0, 6.1 and 6.3 (The weapon radii are

either -alclate( r entered)

RL = LW (5)

RW .W (6)

Th, 0 t(llwin Rp va ties are then iised in th- probabil ity
,,JIIC 11II~ t 1(0n: ("1"' 1, ,,, P i

"' 
P* , W1, and| I''a 0 11 n , ,, , P1., C' , •an

0 .1 .. I ) 1 (7)

.CPP ( VP + 0. 1. YP." (9)

,(1
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y (~~) tCEP a(13)

RW WCEP(14)
a

Case 1: ~3 4

p -exp(-0O.22132) x I- expU-0.221J)i (15)

Case 2: > 4 and AP =1 (center of target)

P 1 - exp(-O.221h2 )1 (16)

Case 3: R > 4 and AP 2 (edge of target)

.11_ - exp -O.88Y29 11 - xo(:o.38y2)l" (17)
2



PARTITION FLAG COMMENTS FLAG COMMENTS

F - 07Marks limit

AUTOMATIC check error

LIBRARYMODULE 09 Distinguish

CROM A- P-target from
Pro ram 6 ~~Q-target________

DATA REGISTERS FOR EXAMPLE 6.1 LBL

DATA R~EG. COMMENTS STEP CODE KEY COMMENTS

:iCEPa caic.
caic. eq.15-17

indirect RCL (Pgm 9) - - 6.3 caic.
- -6.2 caic.

- - -- -6.1 caic.
-- 6.0 caic.

HOB
- - -Soil medium: 1,2,3,4

Length WR, CRM, or K
* Width WR, CRM, or K

CEP
Target length
Target width
Aimpoint: 0,1
Length VN
Width VN
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PROGRAM MEMORY (LIST)

STEP CODE KEY COMMENTS STEP CODE KEY COMMENTS

Label C'. I4 - -- See Eq. 5
D R29=LW

Calculation of

adjusted CEP for -

width or l ength I~'

see Eqs. 7 and 8 Prn4nee

C Width Weapon Radius

See Eq. 6

R26=RW=WW

R27=WW

L Label D'.

7 Print

Calculation of a part CEP

of Eqs. 15, 16, or 17. F

FrL

Check and

orint

Length

Lower Limit =

Upper Limit = 9[9

4

L Label D.II

F Check and

Input Weapon Radii print W

Lower li miit r5

- -- LW" I'A

4 ~ Print entered Length

4 Weaon RdiusCheck and print aim

H - point

4.-. Z~ ~T C R28=RL=LWH
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PROGRAM MEMORY (LIST)

STEP CODE KEY COMMENTS STEP CODE KEY COMMENTS

0 ,4 7!F If Flag 7 4 4,STL..
Ii-4 is set,

go to 370 4F Cal culate
lI-i 4WCEP

F See q.8
F.-

ci:If LW x WW 0, Calculate
F -~ - WETA

-i T See Eq. 1 0
then P =0 and 7.Calculate 1st

half of Eq. 17

go t 362Prepare to

Scalculate
Calculate last part

LEa of Eq. 17

See Eq. 7
Go to 347

Cal cul ate
I- LETALabel C.

-- ~See Eq. 9

F Call cratering
Code to check

Calculate F: Limits and print
V Yield and HOB

See Eq. 1

-- - R01 =0.221--

Put in t req
l=Lower Limit

If 4 , 3=Upper Limit

E Case 1 F; Check and orint
Co o Sep 447 Lenoth "ultiplier

See Eq. 15
If Aim Point=l
(center of target),

Case 2

~' Go to Step 347 - =oe ii
See Eq. 16

1F,- 3=Upper Limit
Case 3 -Check and Drint

P01=.88 h I idth ultiplier

114
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PROGRAM MEMORY (LIST)

STEP CODE KEY COMMENTS STEP CODE KEY COMMENTS

I Call cratering 23 3 1
p. code to---

= calculate
r crater radius F1-i

E Check and print Y
'T CR xWM RW4

-FL 4....
i'-Ij 4 ~ See Eq. 2

-. 7 R26= RW -
, . D .-.. Check and print LV, LK
T 0 R27=W14 4 HI

27 SeE.44 1Max H for LV, LK
U CR xLM =LW E

SeEq. 1

ED Calculate LW
FTl R28=RL

,. R28=RL=LW
-4 1; See Eq. 5

SR29=LW
I R29 LW -
p- See Eq. 3 I

LV

Ttl WK put WV=R1
:; Go to 321 * * E''
S to nrint 4LK WK 14
-n LW and WW

LE:L Label B. 1
Q-taret WR-~ F Pacie calculation

- ~~ E -- LL Label A.-
P-target WR

-4 Zi

H (Flag 9 cleared by
F.;C'L LK UL page 2)

- E WK put ~LVR3 T* F Set flag 9 again for

43 - - LV 14 23'2 P-target (6.0)
1? ~for Page 2 i 44

34 2 TO 1 11: [W
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PROGRAM MEMORY (LIST)

STEP CODE KEY COMMENTS STEP CODE KEY COMMENTS
-='-'i , U - -; q i q'

Check WV, WK - 2

7- - - :::_- -: 7 Print WW

Hi r Max H for WV, WK -

Max Hrnin{L-max H,
-4 W-max H)

Go to beginning of
calculation

.. 4. Begins calculation for
4 r Case 1 See Eq. 15

294 (step 345 calculates
-H the 1st half of Eq. 15)

F 4Begins calculation for

4 2nd part of Eq. 15 or
3, F r Check and print H -all of E. 16 or the

2nd part of Fe. 17.
_. -See Eq. R

A-I DI-' V - Calculation of or
: : FG F. see Eqns. 12 or 13

- Calculate WW ::

-R.

-3IZ { ,' F : I . ..

0 --; R26=RW=WW -D
See Eq. 6 :

4..-; - i -

t :Call D' to complete
F-:I 2(Relace to-i '. calculation of P=15 43 RCL WV Replace to :'63 1: :;°

316 !3 !3 original register:,', -- 8 ,p,E: LK positions-

Qt
Print out Probability

-I* _ *sb _ - : U =

:6'? 12 E
1-4 4 Print LW : 7 2 t4

S -' '' FiL
2-_ 4 2,

:326 a :-, C.F L

:1 G M

,,,, , - - , .. . ..



.- i

Section 7: Programs 7.0 - 7.4

Cratering Caicu] tions
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DNA AP-550 PROMPT Al HTI
CRATERING CALCULATIONS

7.n ' CALC.

SELECT
YIELD (KT) HOB (ft) MEDIUM RADIUS (ft)

SOURCES OF DATA:

1. Defense Intelligence Agency, Physical Vulnerability
Handbook - Nuclear Weapons (U) , AP-550-1-2-69-INT,
1 June 1969 (C Int), Part II, pages II-1 through 11-8.

2. Horizons Technology, Inc., Nuclear Weapons Effects
Programs, DNA-I CROM-I, 3 November 1978, Programs 8 and A-1.

DESCRIPTION:

A. Objective

Given any two of the following three values, crater radius (R),

height of burst (HOB), or weapon yield (Y) , this program will

calculate the third. Proqrams are also included that calculate

the optimum HOB and corresponding crater radius given a yield,

or optimum HOB and minimum yield given a crater radius.

Results are provided for four different surface medium

categories:

Medium 1: 1)rv Rock (less than 3'C moisture content)

Medium 2: Wet Rock (more than 3% moisture content)

Medium 3: Dry Soil (less than 10% moisture content)

Medium 4: Wet Soil (more than 10' moisture content)

A negative height of burst zs interpreted as a distance

below ground. Crater dimensions are estimated in the re-<erenced

documents within +15%. In layered media or in the presence

of an intersectin(e water table the accuracy is estimated to

be reduced to +25%.

B. Inputs-Outputs

The medium number is ised in all five program calculations.

The following other values are used in each program:
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Program 7.0: Crater radius, depth and volume

Inputs: Yield (KT)

HOB (ft)

Program 7.1: Less than optimum depth of burst

Inputs: Yield (KT)

Crater radius (ft)

Program 7.2: Necessary yield

Inputs: Crater radius (ft)

Height of burst (ft)

Program 7.3: Maximum crater radius, optimum HOB

Inputs: Yield (KT)

Program 7.4: Minimum yield, optimum HOB

Inputs: Crater radius (ft)

A rough estimate of the following crater dimensions can be calculated

from the output values:

Radius of the crater from the top of the lip = 1.25 R

Depth of the crater from the top of the lip = 1.25 D
(depth from surface)

Radius of the ejecta material = 2.5 R

C. Limits

Yield: 1 KT - Y - 30 MT M = Mediwm'

Medium: M = 1,2,3,4 (ldr 2 r'k, J-wot rock,
3=drv soil, 4-wct soil)

For Program 7.0

0.3 0.3
HOB: -200(Y) 0.3 OB _H 20(Y) ft

(a negative HOB denotes a depth of burst)

For Program 7.1

Cr-ter radius: 0, R _U.L. (Upper Limit)

where

0.3U.L. = 151.8(Y) for dry rock

U.L. = 174.9(Y)0 .3 for wet rock
0.3

U.L. = 161.7(Y) for dry so'l
0.3

U.I,. = 214.5(Y' for wet soil
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For Program 7.2

HOB: -3000 < HOB < 300 ft

Crater radius: L.L. < R < 4 exp (A + .7 in HOB + I) ft

where L.L. is the lower limit, and:

A = 5.77 for dry rock

A = 5.94 for wet rock

A = 5.94 for dry soil

A = 6.21 for wet soil

For HOB > 0

L.L. = 3.7

For HOB < 0

L.L. = 3.7 exp B + ln 1--3- i

where

B = -1.27 for dry rock

B = -1.30 for wet rock

B = -1.73 for dry soil

B = -1.20 for wet soil

D. Special Features

The program leaves the calculator in the radian mode.

Pressing R/S will initiate the previously keyed-in type

of calculation even if the inputs are chanqed.

E. Data Storage Locations, Printer Alphanumerics

Variables Re eisters Alphanumerics

Yield RI0 y

HOB or optimum HOB Rll H

Medium R12 M

Radius R13 R
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EXAMPLE 7.0, 7.1, 7.2 (General Calculation and Inversions)

Calculate the crater radius, depth and volume produced by a weapon

of yield 10 KT set 240 feet below the surface in dry rock. Then find,

for the same weapon, the HOB that will produce a crater radius of 150

feet in wet soil. Finally, find the yield of a weapon which produces a

100-foot crafter radius when set 20 feet below the surface in wet rock.

STEP INSTRUCTIONS INPUT KEYS DISPLAY PRINT

1 Turn off - then on 0

2 Select program 01 2nd 0.
Pgm 01

3 Enter weapon yield, Y(KT) 10 A 10.

4 Enter HOB (ft) -240 B -240.

(Note that a negative HOB means
a distance below ground)

5 Enter the medium 1 C 1.

(1 = dry rock, 2 = wet rock,
3 = dry soil, 4 = wet soil)

6 Calculate the crater radius and 7.0 2nd E' 7.
depth 10. Y

-240. H
1. M

301. R
3.01 02 173. D

7 Display the crater volume (ft ) 2nd x 2.462 07

8 Enter crater radius, R(ft) 150 D 150.

9 Enter the new medium value 4 C 4.

10 Calculate the HOB (ft) 7.1 2nd E' 7.1
10. Y
4. M,

150. R

3.28 3.28 H
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EXAMPLE 7.0, 7.1, 7.2 (cont.)

STEP INSTRUCTIONS INPUT KEYS DISPLAY PRINT

11 Enter new crater radius, R (ft) 100 D 100.

12 Enter the HOB (ft) -20 B -20.

13 Enter the new medium value 2 C 2.

14 Calculate the weapon yield (KT) 7.2 2nd E' 7.2
-20. H
2. M

100. R

0.49 0.49 Y
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EXAMPLE #7.3, 7.4 (Optimized HOB Routines)

Calculate the maximum radius that a l-KT yield bomb can produce in

dry soil and the optimum HOB that the weapon should be set at to produce

this radius. Compare this to the maximum radius produced by the same

weapon in dry rock.

Then calculate the smallest yield that a weapon must have to produce

a crater radius of 200 feet in wet soil and the optimum HOB that the

weapon must be set at to produce this crater.

STEP INSTRUCTIONS INPUT KEYS DISPLAY PRINT

1 Turn off - then on 0

2 Select program 01 2nd 0.
Pgm 01

3 Enter weapon yield, Y(KT) 1 A 1.

4 Enter the medium 3 C 3.
(I = dry rock, 2 = wet rock,
3 = dry soil, 4 =  wet soil)

5 Calculate the maximum radius (ft) 7.3 2nd E' 7.3
and the optimum HOB (ft) 1. Y

3. 11

162. R
-158. -158. H

6 Change the medium to dry rock 1 C 1.

7 Repeat the same calculation R/S 7.3
1. Y
1. M

152. R

-109. -109. H

8 Enter the crater radius, R(ft) 200 D 200.

9 Enter the new medium 4 C 4.

10 Calculate the minimum yield (KT) 7.4 2nd E' 7.4
and the optimum HOB (ft) 4. M

200. R

0.792 Y
-129. -129. H
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EOUA7TONS

Definitions

Y = Yield (KT)
HOB 1  Height of burst for the equivalent 1 KT explosion
HOB Height of burst
R1  Crater radius for the equivalent 1 ',T explosion
R Crater radius

Dl Crater depth for the equivalent 1 1K explosion
D 'Crater depth
V Crater volume

OPT HOB Optimal Height of Burst

Routine 7.0:

OOB(3.31-10 .3

For POB 1 " -4

R 3.3(k-nOB1 )s exp l-q(k- IMOB l )-t (2)

D1 =3.3(k-ITHOB)nexp -m(k-IIOB l )-(

For HOB , -41

R expicsin a-b n(-IIOB1))0 -. (4)

D exp hsin f-gin(-HOB 1) 0.2_ (5)

R P (v) 0.3 (6)

D D1 (V) 3 (7)

2
v -2 (8)

*For a Dry Soil Medium:

D1 j1" 3 (9)
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The coefficients for the radius calculation are:

Coefficient Dry Rock Wet Rock Dry Soil 'Jet Soil

f 74.2 71.6 56.0 56.0
g 18.4 17.3 13.0 13.0
h 4.47 4.67 5.68 5.68
j 0.0 0.0 0.0 1.0
a 150.0 153.0 117.0 128.3
b 37.0 36.0 25.0 29.0
c 6.02 5.15 5.07 8.35
d 1.0 0.0 0.0 3. 0
k 5.5 7.5 11.0 11.0
s 3.6 3.8 6.9 4. 3
q .342 .27 .38 .237
t 1.5 2.7 9.4 4.5
n 3.9 2.1 5.1 2.7
m 0.4 0.08 0.25 0.08
p 2.5 1.5 7.3 3.3

Routine 7.1

This routine uses the false position method to calculate the

FOB given R and Y.

R = R
0.3 (radius for a 1 KT explosion, in (10)

3.3Y meters)

r f - r H
He (1) 11 2 Ist Iteration (11)

new 1  r 2

where:
torR < , 

for P >

fo s  s -

r c-R s  r I c - P s

r 2  ( - Rs) r 2 = 2(-R s ) (12)
H= -5 H

1 ~ 1  Y

H 2  4 H2 =4

(See table below for the coefficients , v, , .)

H and H2 represent scaled depths of burst.

Using new (1) as H1OB 1 , R1 is calculated, usinq equation

(2) for R. c, and equation (4) for Rs
B1

For R > , r 2  1 (13)

(This increases the accuracy of the false position

routine).
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r
R lHn (1)

R ne new -R (14)
new 3s

for for
(R newexrr1 < 0 (R n rI > 0

r 2 =Rnew  r I =r 2  (15)

F.1 
= new (1) H2  H1

2  new

H I = new (i)

Now a second H can be found using equation 11:

new

rlH - r 2
i' (2) 22 16)Snew

rI - r 2

1OB = -3.3 H new(2) (Y) 0 3  (17)

The coefficients for the 11GB calculation are:

Coefficient Dry Rock Wet Rock Dry Soil Wet Soil

1 28 32 35 35

46 53 49 65
y 33 40 48 42
0 0 1 2 6

i is the radius for HOB = -4 meters and V : 1 XT

Maximum R in meters

3Depth of Burst for this Max R1 in meters
4 = radius for 110B = 5 meters, 'Y 1 KT

Routine 7.2

This routine uses the false position method to calculate

the yield from a given 1OB and radius.

RL In ( R~~ (18)

H HOB (19)
m 3.3
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rlY I - r2Y 2Y new() 1 r 2 (20)

where:

v = 10.3
H

r fnz + 3 + .71n I - m R (21)
2134 L

and
for H > 0

m

r 1  R L  2

Y £n(I) -n(4+Medium) 1  3

for H < 0mf -

r1 =tnz - w + In(-H - R 2

Y 2 = n(-H ) - w) " 3

(see below for a table of coefficients w and z)

Now n (1) is substituted into equation 1 and then eithernew
equation 2 for HOB 1  -4 or equation 4 for HOB 1 1 -4 is calculated

to produce a new:

r I  .8r 1  (22)

Now an iterative routine is performed twice:

1 new
R - In R i = 1 or 2 (23)

f new3.3

for (R n r) 0 for (ne r ) 0

new 1 2

1 new 2 1 (24
r 2

2 new

new (j)
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rlY I -r2Y 2
Y new(i+l,) = 1r r2 2 (25)

new 1 - 2

when i+l = 3 (2 iterations of equations 23-25)

then v = explY new (3)  (26)

The coefficients for the yield calculation are:

Coefficient Dry Rock Wet Rock Dry Soil Wet Soil

z i  16 19 19 25
w 4.05 4.25 4.68 4.42

IRadius for HOB = 0, Y = 1

Routine 7.3

The maximum radius R is:

R = 3.3G(Y) 0.3 (27)

OPT . ITOB = 3.3y(Y) 0.3 (28)

Routine 7.4

The minimum yield 7 is:

Y = 3 R3 ]1
0 /3  (29)

OPT. POP : 3.- (Y) 0.3 (30)

where Y is the valuc from equation 29.
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PARTITION FLAG COMMENTS FLAG COMMENTS

1u 07 Marks limit
AUTOMATIC check error

LIBRARY MODULE 09 Set for depth
I I calculation

CRMA-i
I(Program 7)________ ________ ________ ___ _____

DATA REGISTERS FOR EXAMPLE 7.1 LABELS
DATA REG. COMMENTS STEP CODE KEY COMMENTS

- ICoeff. unpacker
F; Tt:Peturn

Feet/Meters
~Retrieve HOB

- Icoeff.
Retrieve coeff.
Yield scaling
R or D calc.
Y limit checks

CY, HOB, M lim.
:..limit check

y Rmax, OPT HOB
-- HOB Ymi n - OPT HOB

Soil medium: 1,2,3,4 max or OPT HOB
- -RdiusR, D, V caic.

1OB caic.
Yield calc.
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PROGRAM MEMORY (LIST)

STEP CODE KEY COMMENTS STEP CODE KEY COMMENTS
F! _L abe A' F: with string in the

h Unpacker routine T display
for coefficients
Display = Value in dis- C~ F Store string in R23
play when A' called
Takes r :2
~Frac tion [ -Label E.

(Display)~
and puts it in the03
display

Take - - - -Scaling factor

0033
- integerI 1R22

S and puts it in R23
F;
L: Label=.
L -L

Label RTN I-Routine to calculate
F: crater radius

L -E Label P. See Eq. I
E HOB

-~ - HOB1=* 0.3

Label C'.L

R05 -HOB

Routine to retrieve
HOB coefficients I f -HOD1  4,

go to 501 C o
Calculation of C o

I - LR Label B' -HOP1  4
E;
- General
F coefficient I

6tstring routine Get corifficient
4 I. string

1-1E Store it in R23
''4 IS PFJ r Pgm 9 F L
C'4-6 1_'4 1_1 SBR Ind 21 returns A C,
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PROGRAM MEMORY (LIST

STEP CODE KEY COMMENTS STEP CODE KEY COMMENTS

10 l4 - + 14 -

9 F- -L -q8HOB1

Label CMS
i ! + H Recall q or m i7 7

Check and print
U 17 Recall t or p medium number

Ii= _.I II +
I"  

- F r

L 4 -
. . ...... .. - :' Label D.- - -

, ,L-Calculation of R and

OPT HOB. max
i F: Check and print

4H. 'Recall s or n V I: yield

E- :r Check and print medium
tIStore R; o-rT I0 inR0 F.

Store R1 or I in R04 ,-F If flag 7 set, go to
F T Label RTN
LEL Label YX F

H:

Check and print Yield I Recall HOB
i -coefficients

E;
F: T TF See Eq. 27

S LEtL Label PRT.
F:r Calculation of Rmax

; P Call yield
check

HOE
I -":-; 1 -i_ a_ :, 7 F; Prin radiusi

Limit check 4 r Print radius
-: o ' = " ": 

=  
-4 i-l

and print t- E
T routine i E'

14' '-'1 1 7  4 TO R 13=R
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PROGRAM MEMORY (LIST)

STEP CODE KEY COMMENTS STEP COPlE KEY COMMENTS

,L EL Laoel D'

-~ h - Calculation of OPT
Go to D' to calculate - HOB3 or max P.

-- OPT [113OB__ See Eq. 28 or 30 -

Label PAU
Calculation of Y and
OPT HOB m

P Check and print mediumA

"R' Print OPT HOE
Print radius 0;

If flag 7 set, go to R11= OPT HOB
Lahel PTN F ____________

F Label A.
CalClati~n o~ r, V
CallI Y, HOB, ti

Calculation of minimum F-
yield

I- If Flag 7 set,

See Eq. 29F gotPT

L Call1
radius calculation

t D Return with P1 in P04

P -int crater radius

F

F Set Flag 9

A D, Drepare for depth

F Pin calculat~on
Yield

E: Rl O=Y -

L Get proper address to
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PROGRAM MEMORY (LIST)

STEP CODE KEY COMMENTS STEP CODE KEY COMMENTS
-- , - calculate depth _- E volume in display

F T (truncate volume
to 3 decimal places)

F
- E Put address in RO1

Go to depth calculation :

F- L Return with D in R04

F: Recall R

: - If special case of .- F_-_____p___

- - Eq. 9, then Label B.
R--Calculation of HflB in-

R.E Check and print Yield

S3 7

Check and print medium

Call string of coeffi-

ic ents
-:N' -:: -:-' Put R in t reg :. . - =

R27 = H2 = 4

_ :' :6 ';TF Remove flag 9-=- 2 T- R c l ,72 Prin di: _ Recallr=

I 16 -2 ::T Print depth -: 3 2 4 R21 =r I  
= '

- -T R26 = r2 =
Calculate volume

F - - See Tq. 12

See Eq. 8

Check limits

_ .and print
-5 radius

_ Set up volume such F-L
-. -':' q : that pressing puts 1-1
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PROGRAM MEMORY (LIST)

STEP CODE KEY COMMENTS STEP CODE KEY COMMENTS

42' > Go to 690

L Label C.-
R Calculation of Yield

inversion
F~F; See Eq. 18

Cal cul ation
S If flag 7 set, go to -of R,

L

- Lbe RT L See Eq. 18
F;r ROI=RL

4:

* 0.3 r
Y

L+ Limit check for HOB

R=I (R)and medium

STO 01 See Eq. 19
If

-S 3.3> F H=

S Go to Step 666

Fr r=, R28=-i
2S m

.4R2

F4- Get coefficient
-R + ~ E string from Pgm 9

4 +- R25=H1 =-5A s

rnew rI-r 2 H2~ 2,n
444

RH .4-7

4.new r I r L R2=rr2 n z

4 E: ER Calculation of 4-
-4Eq. 12L

4'1 5 to get 4~ 1
4O 12 new,
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PROGRAM MEMORY (LIST)

STEP CODE KEY COMMENTS STEP CODE KEY COMMENTS

470 01 1 517 95
471 00J 0 518: 29C
472 42 ST R25=Y0 J1 7 E If

473 5 2 5 0 :: 5, 0!5 a-b n(-HOBI)
47 4 +/ W52 26 6 is 0

47a 94 +/ 25 R RTN

479: 29 If -H > 0 52 45Y

425 5iGo to 551 529877 Flag 9 set when depth
483 25 CF: 5: 0 calculated

4:--i ;2, T R24=r I=0 5 1 0

48 43RL539

488 2 LII:: 5 0 5

49 5 (H)-n(Medium 5:77 IR
49 44 m No.Hm538n39+So)

49 4 C:L 5 i1 1 Recall1
49 21 41 6A c or-n

49 3 L N: 5 4:: Recall1
49 5544 16 dor j

498 C F GOgo to step 559 559

50 11 Calculation ofS Raiu 2 -- T Store R1 or D
5 or Depth for 549 04 04 n R04
50 0 -HOB> 4 550 ?2RT F

504 6 + 5 1L A: Continuation of yield
505 02 2 See Eqs. 4 and 5 5529 inversion

50 17 B Get coefficient string 55 4,. 3 [ -w-i-n(-H )
508 03, 3 Recall1553 m

5094 16R' a or f 55 43RL See Eq. 21

511 02 2 Recall 582 T

51 F3 CL 56 03
515 05 05 56~2 4114 U1 r-P25 =Yl d0.3
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PROGRAM MEMORY (LIST)

STEP CODE KEY COMMENTS STEP CODE KEY COMMENTS
5 'S4 1 L R26=R2 6 -RL

4 0'T R27=Y-2 Calculation of R
t y . and Y new

- F -A new
5 t for -Hm <0 or -~F P~L

[-w4-9n(-H ) 'R4-2m
2 .3 rY1 -r Y

for -H 0 22
m- new(1) r-r 2

L
RIO~exp(Y )

new(1 )

See Eq. 21
R26=Qnz+3+.7 [Zn(LTh-,)I F ? 8R4

1134 1st time through set
flag 7 (i=1)
2nd time through reset
flag 7 (i=2)

-- 1 E- F Use equations 2 or 4
Limit check and print t aclto e
radius F '

new(i)

-- - P05new(i)

-I.- '-4R Y
F t- n1 new(i)

L

'4- F Calculation
of new

~new(i)

1P 11R11 T R10-Y(.

F2 j U ~ < If flag 7 is set

t FF If flag 7 set, 54 - ot 2
i-i; i go to Label RTN , r'

tH 04 4 Print calculated
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PROGRAM MEMORY (LIST)

STEP CODE KEY COMMENTS STEP CODE KEY COMMENTS

65:3 1 1 5 1:1 42 '
659 T: > Yield value TE i

hI:~f jCr F:' _ _ _ _ _ _ _ _ _ _

F L3' -44t:
~1 -'-4 24R4-~

F ri

Real t Cotnuto R26=R26-ROl
of HOB

9 R25~y inversion FT H __________

F F L False position
F: F' routine to set

-44,, new iterative values
R26 = >Rs

~- 4 -J F~' R26=2G Rs) --

H7 new~ rH1 r2

-TO
I~ C'S RO5H

F C R24-= F

-. RO2=RO2+1 T, n~-

6F; See Eq. 4

:5 R1{new }--

-~- R{ T

H1 new

EF Set new valuesF

7 4 T 0
-~ 4

7--4 -1

E Finished calculation
7 !0 Print and 74 7i F"-L False position

-I 4 tr O 4:1 calculation of new
t'. X 3 intermediate value

0l fl4 3 ,d F'__ L (R4R5-(R26)(R27)
7 0 4 1 E:-( ~ 9R24-R26)
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PROGRAM MEMORY (LIST)

STEP CODE KEY COMMENTS STEP CODE KEY COMMENTS

5 4

R- F
574

7;

NOTE: Overflow from
this program is in
Pgm 9, step 187 et
seq., located at
page 1-17.
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Appendix A: CROM Al Demonstration
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DEMONSTRATION PROGRAM (RST, R/S)

SOIL MEDIUM WEAPON RADIUS OFFSET SKIP -- START

YIELD NOB VN, K ENVIRONMENT PROBABILITY

SOURCE OF DATA:

Defense Intelligence Agency, Physical Vulnerability Handbook-Nuclear

Weapons (U), AP-550-2-2-69-INT, June 1, 1969, Part IV.

DESCRIPTION:

A. Objective

The objective of this magnetic card auxiliary program is to provide a

quick demonstration of the AP-550 CROM Al's calculational capabilities.

The PC-100 printer must be attached for execution of this program. After

program initiation, the five representative calculations given below are

performed consecutively without pause.

1. Probability of damage and weapon radius to a circular

normal P-target at the optimum height of burst, or if

the user inputs a height of burst, probability of damage

and weapon radius at a given height of burst; or the

probability of damage to a circular uniform target if

the user inputs a weapon radius.

2. Weapon radius for personnel targets at a specified

height of burst.

3. Minimum Safe Distance for troops or, if an offset is

provided, probability of not exceeding the acceptable

weapons effects.

4. Crater radius at the optimum height of burst.

5. 'leapon radius and probability of damage - ETA, crater

radius method.

B. Inputs-_Outp-uits

This progjram may be executed without enterin q any of the i g u t (i it a

(see example). If the user choos(,s this option, the default va u(,s listi ,
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in Table 4 will be used. These values can be changed by entering data in

the appropriate override keys also listed in Table 4.

C. Limits

Limits can be found in the descriptions of the proqrams run.

D. Special Features

Up to two calculations can be skipped by e;itering their numbers on

key Ind D'. Numbers can be entered in any order. The numbering scheme

is one through five, with one being the first calculation run, five the

last.
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Table 4. List of default values ind )vorride keys.

Input Used in Alpha- Default Stored in Override

Calculations numeric Value Register Key

Yield 1,2,3,4,5 Y 30 KT 10 Key A

Height of burst 1 H Optimum * Key B *

Vulnerability number 1 V 16 30 Key C +

k-factor 1 K 3 31 Key C +

Circular error probable 1,2,3,5 C 800 32 None

Target radius 1 T 2000 33 None

Offset 1 X 800 34 None
(for P-target damage prob.)

Damage sigma 1 S .2 35 None

Weapon radius I W None * Key 2nd

Environment number 2 E 8 36 Key D

Height of burst 2,3 H 1600 37 None

Probable error in height 3 PH 20 38 None

Troop disposition 3 D 2 39 None

Troop vulnerability 3 V 2 40 None

Acceptable risk 3 R 3 41 None

Desired assurance 3 P .95 42 Key E

Offset 3 X None * Key 2nd
(for troop safety prob.) C' *

Soil medium 4,5 M 1 43 Key 2nd
A'

Height of burst 5 H 0 44 None
(for cratering damage prob.)

Length crater radius mult. 5 LC 2 45 None

Width crater radius mult. 5 WC 1.5 46 None

Length 5 L 800 47 None

Width 5 W 200 48 None

Aim point 5 A 1 49 None

* See next page for footnotes
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* Keys B, 2nd B', and 2nd C' change the calculations performed

as follows. A height of burst entered on key B will cause the

weapon radius for the first calculation to be calculated at

this height of burst rather than the optimum height of burst.

A weapon radius entered on key 2nd B' will cause the weapon radius

calculation to be bypassed in the first calculation. An offset

entered on key 2nd C' will cause the probability of not exceeding

acceptable weapon effects to be calculated rather than the

minimum safe distance.

+ VN and k must both be entered, VN first, k second, both using

key C.
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EXAMPLE 41:

(a) Run the entire demonstration program using the default valises.

(b) Run the demonstration pro',jram using a height of burst of 300
feet for the first calcu1 ation. Omit the fourth calculation.

STEP INSTRUCTIONS INPUT KEYS DISPLAY PRINT

1 Turn off, then on 0.

2 Read sides I and 2 of card 1. ,2.

3 Initialize program (stores RST 0.
default values) R/S

4 Run demonstration 2nd E' see printer
Output (a)

5 Enter new height of burst (feet). 300 B 300.
This input overrides the optimum
height of burst calculation in
the 1st calculation.

6 Omit the fourth calculation. 4 2nd D' 4.
Two calculations may be skipped.
Both should be entered using
2nd D'.

7 Run demonstration 2nd E' see printer
output (b)
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PRTNTEP OUTPUT FOR EXAMPLE 1:
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PRINTER OUTPUT FOR EXAMPLE 1:

(b)
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PARTITION FLAG COMMENTS FLAG COMMENTS

479:59 0, 1, 2, 7, 9 Used by CROM. 3 Used by control
A Suppresses 4 program to dem-

AUTOMATIC CROM's print- 5 onstrate diff-

LIBRARY MODULE ing. erent capabil-
ities of the

CROM A-1 
CROM.

DATA REGISTERS FOR EXAMPLE 1 LABELS

DATA REG. COMMENTS STEP CODE KEY COMMENTS

Calc. # Registers - .-- Initializes
00 through II - - - Advances

print 29 are used - Optional
pointer by the CROM- _ calculations

- Only those Stores Y

registers " HOB

- used in the VN, k
control pro- -Env

gram are - Prob.
noted here. Soil

y " WR
HOB Offset

_i W, E, C, M Skip
- VN, RS, LM Optional

- k, PEH, WM Stores defaults
C, D Starts demo
T, V, L - Calc. =2
X, R, W t 3

>z S, P, A --- - -- - -4

- x ,5_ -

SIVN number
k factor

CEP
- . -- Target radius

Offset
Damage Sigma

Environment
HOB
PEH

Troop disposition
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DATA REG. COMMENTS

Troop vulnerability
- Acceptable risk
-: Desired assurance

Soil medium
- HOB for ETA cratering method

Length crater radius multiplier
Width crater radius multiplier

.. Length
S Width

Aim point
HOB for weapon radius and prob.

-+ Weapon radius

- ... Offset for troop safety

Omit calculation
- Omit calculation
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PROGRAM MEMORY (LIST)

STEP CODE KEY COMMENTS STEP CODE KEY COMMENTS

rr:- 7 Go to l/x -

.... ___-__ ____ __-_E Label A.
- -- Label CLR.

- Stores the yield

Resets two flags
_- used by the CROM,

stores 10 in R02 Label B.
for the CROM print 7

- - routine. -- Store a HOB for the
weapon radius calcu-
lation.

.- Sets flag 3

- -- Label C.

- -i Stores VN and k

Label ADV.
Moves paper ahead
three lines.

Label D.

- _ - Stores environment
_ -; Label RCL

_ -_ Calls the CROM weapon
radius and probability - -- - Label E.

- of damage calculations - ---

- -- with a user-specified " Stores probability
HOB.

- Label A'.

- Stores soil medium

Label STO.
- Label B'.

Calls the CROM
probability of damage " . Stores weapon radius

- calculation Nith a - for damage probability
user-specified weapon - calculation

- radius - Sets flaq 4

- -Label C'.

-- _ ____ ___ __ - - IStores offset for
- -probability of
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PROGRAM MEMORY (LIST)

STEP CODE KEY COMMENTS STEP CODE KEY COMMENTS

troop safety calculation ICh

Sets flag 5

Label D'- 3 as the k-factor and
the acceptable risk

Stores two numbers for level,
omitting calculations. ,

800 as the CEP, the
offset (for P-target
damage probability),

__-__-______________--_ and the length (for
Label X. the ETA cratering

probability),

... - Given a user-specified -

offset calls the CROM
radius of safety calc- 7
ulation, then the CROM 1500 as the HOB
probability of not (for weapon radius

exceeding the accepta- a-is-esne- _ - .... against personnel

ble risk calculation. targets and radius

of safety),

200 as the width (for
the ETA cratering

- -- - probability),

2000 as the target
radius,

0.2 as the damage

-sigma,

8 as the environment
number,

E Label l/x. 20 as the probable
error in height,

_. Clears pending opera-
tions

Stores 30 as the default 2 as the troop dis-
yield, position, troop vul-

4 H 16 as the default j- - - nerability, and length

S1 42 -v- _ crater radius
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PROGRAM MEMORY (LIST)

STEP CODE KEY COMMENTS STEP CODE KEY COMMENTS
i9-2 4N .40 multiplier, 20 -. l

... . ... :- - -: _-_ Stores HOB for the
- 9 0.95 as the desired - user-selected HOB

assurance, - option

Stores weapon radius

for the user-selected
I as the soil medium WR option

- and aim point,

Stores VN

1.5 as the width crater
radius multiplier.

Stores k-factor

Zeros the registers - -- - Stores CEP
SL- for the optional
- inputs and the calcu- F 7
- lation skip numbers

Stores target radius

Stores offset
- - Stores 0 for the HOB -

- - for cratering

__ - - Label E' Stores damage sigma

_ - H Initializes If the user input a

- weapon radius go

- Prints DNA/AP-550 directly to the
F -- probability calcula-

- -- tion, If the user
. -input an HOB use that

S_ - rather than the OHOB.

Sees if the first Otherwise run the

_ " , calculation should be _ weapon radius and

omitted by comnarino probability program
at the OHOB.

- 1 with the contents a h H
S4- . of P53 and R54

" -4 - .--F -- .-.-.1-



PROGRAM MEMORY (LIST)

STEP CODE KEY COMMENTS STEP CODE KEY COMMENTS
- I - PEH

-_E. Label CMs.

Sees if the second Troop disposition
- calculation should be

oiitted

Troop vulnerability

Acceptable risk
Initializes

Stores HOB

Desired assurance

- Stores environment HOB

- If the user input an
offset do a probabi)-
ity ca' :ula~ion

- - II Runs weapon radius - - -- Iniazs
- calculation Intilie

Runs minimum safe
Label CE. distance calculation

-Sees if the third
calculation should be-
omni tted : LblB.

Sees i f the fourt h

Cdl cul at ion ,hould (,

- Sores CEP-

Vi~ -i a1It
4: Fl L J £ IF . .
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PROGRAM MEMORY (LIST)

STEP CODE KEY COMMENTS STEP CODE KEY COMMENTS

Target width
I Stores soil medium-

Aim

- Runs cratering calcu-
lation - HOB

- Label RAD.

Sees if fifth calcula-
- tion should be omnitted Runs ETA cratering

probability calcula-
tion

-- -~ Initializes

Stores soil medium

z Length crater radius
I multiplier

I Width crater radius
multiplier

CEP

- 1 Target length
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Appendix B: Iterations 'and 11
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REGA; xf; A x REGB; xf; A x REGC; Xf; /%x R E G ; Xf; AxLOOPS

DESCRIPTION:

A. Ob"ective

This control program provides an automated way of doing

parametric studies using the prograns in the CIOM. Iput

variables may be increment ed by some spec if ied amount o-ver

any desired range, with the CROM carrying out the ca ilu:It ion

anew for each incremented input value. Each cailculit ion run

may be set to treat as many as four variables paramet i icil ly.

with this control card, iterations I, eacht

input variable may be stepped either by adding an am,.ount'x

for each calculation cr by multiplying the value by a factor

Ax each time, as the user wishes.

The Iterations 11 control progjram operates

similarly but steps through a set of values which arc, explicitly

entered, but which, therefore, need not vary by any fixed

increment.

!I. Inputs

initial inputs (i.e., for the first of the series of

calculations to be run) are entered as they are normally done,

through Pgm 01, fol lowing the procedures set forth for the

particular calculation in the main body of this document.

Next is entered the number of variables to be para-

meterized (spoken of as the number of iteration 'loopa3)

Then, for each such variable, the following are entered:

(a) the register number storing its value, (b) the maximum

value, xf, to be used for that variable in the iterations,

(c) the amount, Ax, of the increment to be used, and if

appropriate, (d) the choice that the increment A x multiply

the previous value rather than be added to it.

1-5

II -
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C. General Instructicns fox Data Fnt

1. Press 2nd Pgm 01.

2. Enter initial inputs for desired calculation, following

format of the particuldr CROM program.

3. Press RST.

4. Enter number of loops dtsired (i.e., number of

parameters to be varied) with key E.

5. For the first variable to be parameterIzed, enter

witn key A, in order:

a. Its storage register number, (RA) (see Fig. 2),

b. The maximum value to Doe accepted, (xf), and

c. The increment to be applied (Ax).

If ;'x is to be applied as a multiplier (not added),

press 2nd A'

6. Repeat step 5 for successive variables using keys

B and 2nd ' , C and 2nd C' , etc.

7. To start, enter calculation number (n.n) witli key 2nd E',

exactly as is do'.e in starting this calculation when

using the CROM directly.

D. Special Features

All values, PEG i , xf, and Ax are retained after the pro-

gram has been run, and do not need to be re-(ntered unless

they are to be changed. The number of loops desired (key E)

may be changed at any time.

E. Data Storage Locations

Initial values for the various prameters are stored

according to the CROM's universal input routine (13gm 01) for-

mat. The relationship between keys and storage reqister numbers

is shown in Fig. 7.

A' R15 B1 R16 R17 D' Rl

P, R10 B R C C R12 D p1 ,,, I . F1

Figure 2. Register numbers corr-spond iig to
input keys of the CROM unire rs, 1
input routine.
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Keys D and E sometimes accept a single input (e.g., crater

radius), sometimes a dual input (e.g., VN and k). If two

inputs are needed, the values will be stored at the respective

register numbers shown. As an example, if VN and k were en-

tered at key D, VN would be stored in R19, k in R13. However,

if only one input is entered with key D (or E), the register

number corresponding to that input is the one underlined (for

key D, R13; for key E, R14).
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FXAMPI,L ; 1:

Calculate the weapon radii for yields .1, 1, 10 and 100 KT for the

first three environment categories of the personnel vulnerability coc, for

both the surface burst case and the optimum heijht of burst cases.

NOTES: I. All initial values are entered throujh the universal input
routine.

2. All product options are removed when RST is pressed. That
is, after RST, all 'x's will be added (not multiplied)
unlEss the 2nd A', 2nd B' etc., keys are aqain pressed.

STEP INSTRUCTIONS INPUT KEYS DISPLAY PRINT

1 Turn off, then on 0

2' Read either side of Iterations I
card 1.

3 Prepare to enter initial values 2nd
(per universal input routine) Pgm 01 1.

4 Enter lowest yield (KT) 1 A 0.1

5 Enter height of burst 0 B 0.

6 Enter first environment category I C I.

7 Return to Iterations program PST I.

8, Enter number of loops desired 2 E 2.

9 Enter register for yield (R1O)
(see Fig. 1) as first incrementing
register 10 A 10.

lO Enter largest desired value for
yield 100 A 100.

11 Enter increment in yield 10 A 10.

12 Select multiplying option for
first (yield) loop 2nd A' 10.

13 Enter register for environment
categories as second incrementing
loop (i.e., REGB) 12 B 12.

14 Enter largest desired value for
erivironmoent catenory 3 B 3.

15 Enter increment to environment
category B 1.

16 Initiate run for surface burst see jrinter
case 4 2nd E 0. output

17 Initiate run for the optimum HOB See priniter
case 4.1 ?nd [' 0. output
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PRINTER OUTPUT FOR EXAMPLE #1, STEP 16
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P!RINTER OUT[ LIT FOR EXA\MPLE:, #1, STEP 17



PARTITION FLAG COMMENTS FLAG COMMENTS

239890,1,2,7,9 Used by CRON.
3-6 Product

AUTOMATIC options

LIBRARY MODULE

CRO0 A- 1 i

DATA REGISTERS FOR EXAMPLE LABELS

DATA REG. COMMENTS STEP CODE KEY COMMENTS

Program .n Set .p pointer
registers

_ Stack manipu-
"_i lat ion

Used by CROM Enter initial,
final, ard
increment

_ _values.

Number of 1 cops
Pointer registers Initiate calc.!

Set option for
-. multiplica-

tion into
-- reoisters.

Universal input

- " routine registers

_ _ Used by CROM

- Pointers to registers
to increment

-- Final values of in-
- :z cremented parameters
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DATA REG. COMMENTS

Increment values of parameters to
increment

$Temporary storage used by Program 0.
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PROGRAM MEMaRY (LIST)

STEP CODE KEY COMMENTS STEP CODE KEY COMMENTS

- --- Label [JSZ. - E Label B.

- - Stack:

- - 17 xR311'R35. R39

R6=30(+ -- Label C.

r LBor LBL A Stack:

R7-34+. 2 for LBL C - x,R32.,R36, R40

3 for LBL D - LblD

R8 33+) 0J in recur- - Sak

x,*R33.,R37. R41

Label R/S . - Label E.

Enter loop

Sakmanipulation

E Label E'

n .ni

Label A.

- A three-register stack:

-'I U~ x. R30. R34. *R38 -.
1 14 F' ' F1

10£4



PROGRAM MEMORY (LIST)

STEP CODE KEY COMMENTS STEP CODE KEY COMMENTS

- - Start of parameter
- - manipulation

- --~ - -Copy initial values --

into registers -

42-4 -.. Set up for fig IND

If appropriate flag.
PROD

x.

Set up and call - x fi
C ROM

If x Xf

-Set x. x. (ilnitiill



PROGRAM MEMORY (LIST)

STEP CODE KEY COMMENTS STEP CODE KEY COMMENTS
-- - [F

If not end of loop,
continue calilation

If end of loop.,
pr-int 'ENID''

Label A'.

Ct f 1 1i t i ti ]v
x for

L l- Label B'.

- L~t fla1 1n ~,t~
x for PC

Label C'

LW' fIi n to win iiy
x for PC[C

Label D'.

x For ])f C



ROR1R12 R19, R 13 R20, R14

DESCRIPTION:

A. Objective

This magnetic card- illra Is li.'i.s; trc; It I ti Ii i 11t i

varying seIe c t ed i npu ts. Th is 1,r o(ran.:i 11 1(, Ii ul'dtch(:IIs t I U It-.

routine t hani d oes I te r at ions I. Here, fh 11 ar jabl1'l~(s rt e

and need not vary by some F ixedi c rementt. V , xamIT' ut

values of 1, 10, 50, 100 and 500 KT. ""hell the proq;ram is s e, t(-- t"

it will perform the selected calculations five times unc fo 1 r . .

To obtain the results of these calculations the calcul itoi- itust 1w itt lchi

to the printer. If not, the program will run and simply dslythe , c< ,

o f the last calculat ion. All. others will have been run hut niot record-

o)r s tor e d.

U~p to five different variables may be gJi von multiple aus

the prouram is executed , all poss ible combinat ions of the va I uts w i I I 1)V

ased as inputs for the calculations. The number of ca-lculati9ns eriwio:1

rises quickly as more variables are given vaIlues. Assume thUa five(ii

f'orent variables are e2ach (qiven four Ii fferent values. The( aiIi t

then attesrnot to perform a calcuIlation for all the comlbina't ions-, , ~hi( ii

iltua~ls 4) or 1024 c2alculations.

Thslarge, number regjui res a long c (ilcu Iator i-un i n~t i

hesi, ci I culIa t i ons A re needed , i t is reomene ha t t hI 1!4( t i l

1f, I~ i iatin t- rl i de t (rniljne wvh( 1n ' li -1 a1t c i r vi 11 st f; Ir W

t) (I't (Dll I thos. VI I 1(5s ne('(55s;i ry f c) t li, i rnetv t i-s , 1t it 1 2

I I' ) ~t r- w i I m r t11 for a~ rteas('o ll w I t h; (t t i j

7' it r a lrIp i f st I I i S liv% i (Il d iiI t e '1 t.ir a

If7



the machine; at that point, the procedure for enterinq data and startii,;

the calculations is exactly the same as for normal CROM operation.

B. -Inputs

The inputs required for any series of calculations are thoserc:

in the main body of this document, which also describes the limits i0>5's.:

by the CROM calculations.

For those inputs which will take different values in thee as

these multiple calculations, the user will enter, in resph 215e to a - eI

by the machine, the storari~e req is ter numbert cor resi)en: ni te t 'x r

The card face shows the requL i red req i s ter nlimber~- s Iit is 4h: if at~

key position at which that value, is norina i n ~' 1;tlli,. C1090's

universal input routine.

Note that keys D and E3 somet imes; tc-,erat two in;clits. 11 tv;()i't

(..,VN, k) are, needied, the value_-s will be s2toredA at th( t:

rec; is ter numbers. As an eXample, if XadI eeetr t I,)

woolA I et Ri ~i, I. at P1 3. flowext'<r, i: ni one input is nuiia

or- 1:, h* r istLr numbe1)r co-rres;)on(i to that inputA is the( L'a' ad(y I1.-

crkeyi 1), Pi 3, for e I", 1P14).

C. ., mi t

,itm I tS -are i ",:)()s,I b', the C R00 on an1 ;iven Call.I When a I i: I

U tl I t i Se1)1-li 11 t- ntd wi th a n C rror a i t

4-halt :,at t iI any I t rllmi n tc uti u retturns to t V -v

ye :: Which the 1 :snor t h with t hc r " t I

I I II st ruiot tols for r.ti I

a Il of "Ir

1 4 i t I II t I - s ]

t t r ' ( ''I r '

4 ''' '*' C',



6. After those values are entered, machine will prompt

again (?REG) for another variable. If another variable

is to be given multiple values, repeat steps 3, 4, and

5 for that variable.

7. When all multiple-valued inputs have been entered,

press CLR, read side lb of card.

8. Turn to the section of this document that describes

the calculation being performed, enter the indicated

inputs and initiate the program by entering the appro-

priate a.b code number with key E'.
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EXAMPLE ti:

Calculate the weapon radius for a 10P3 target uSinl the itr-
tion control program for the following combinations of inputs:

Yield (KT) = .4, 1, 4 HOB = 0, 750, 1000 (ft)

NOTES:

1. See card image at the beginning of this description for an

association of registers to keys.

2. Side la. automatically repartitions the calculator to 239.89
for the variable input values. Side lb. is recorded in this
partition for program execution. If side lb. is allowed to
run to completion, the calculator is automatically reparti-
tioned to 479.59 so that side la. can again be read. If side
lb. is stopped prematurely, an on/off sequence or manual
repartition to 479.59 is necessary to read side Ia. again.
However, any side, once read, may be exercised over and over
without partitioning difficulties.

ISTEP INSTRUCTIONS INPUT KEYS DISPLAY PRINT

I Turn off, then on 0.

2 Read side la only 1.

3 Begin program. RST 1.

"1. LOOP" indicates that the R/S I. I 0U0
calculator is receiving inputs for 10.2 ?REG
the first loop. Yield nornally
enters at key A, which according to
the program card is Register 10.
July a register froi 10 to 20
',houlld he input for the proipt

4 Enter loop I register (yield).
(Se note 1) 10 R/S 10. 01(,

?PTS asks for the number of loop 41

I values. The 41 in the display
indicates the maximum number
allowed. Yield has three values
in this rase.

[rnter total number of values for
I I . 1 0TS 41 3 R/S 3. r1-

1. 1. ?1

6 Entfr first yield value, PT 1 .4 R/S .4 I]
2. 2. ?P1 2

2. ?PT 2
7 Enter second yield value, PT 2 1 R/S 3. PT 3

3. 3. ?11T 3

8 [nter third yield value, PT 3 4 R/S 4. PI 13

9 Now the printer indicates that 2.
loop 2 is ready for valies. HOB 10.2 ?0E

sin Reister 11 from _the card.

1 70
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EXAMPLE #1 (continued)

STEP INSTRUCTIONS INPUT KEYS DISPLAY PRINT

10 Enter loop 2 register, (HOB) 11 R/S 11. REG

The 38 which appears in the display 38. ?PTS
indicates the maximum number of
values which may be entered for
PTS.

11 Enter total number of values for 3 R/S 3. LTS
loop 2. 1. . ?PT I

12 Enter first HOB value, PT 1 0 R/S 0. PT I
2. 2. ?PT 2

13 Enter second HOB value, PT 2 750 R/S 750. PT 2
3. 3. PI 3

14 Enter third HOB value, PT 3 1000 R/S 1000. PT 3
3. LOOP

10.2 ?REG

15 Press CLP. Read side lb. (see
note 2.) The calculator now acts
as though in Pgm 01. CLR 1.

16 Enter VN 10 D 10.

17 Enter k-factor 3 E 3.
18 Initiate calculations 2.4 2nd E' See Printer

Output

1 71



PRINTER OUTPUT FOR EXAMPLE #1:

1 72



PRINTFR OUTPUT FOR EXAMPLE #1 (continued):

U1



PARTITION FLAG COMMENTS FLAG COMMENTS

70,1,2,7,9 Used by CROM

AUTOMATIC

LIBRARY MODULE

CROM A-1

DATA REGISTERS FOR EXAMPLE 1LABELS

DATA __ REG. COMMENTS STEP CODE KEY COMMENTS

- Program n.m 
Sd

Pointer registers; -Prmtrlo

also used by CROM Paat rlo-
-Dat point loop~

Side b

- - -Unpackerj

Initiate ca Ic .
5th parameter

-i - 4th parameterI
- - - 3rd parameter

12nd parameter
U - - st parameter

I Universal

Usdby CROM 1/

Temporary st,,rage

Pnn o r Ut-1 i -tr

I 4



DATA REG. COMMENTS

V 3 9-P44
Starting location and number of
value for each of five pararieter

1 nc ri'wcotc



SlIPE la

PROGRAM MEMORY (LIST)

STEP CODE KEY COMMENTS STEP CODE KEY COMMENTS

Star[
StartLOOP"

Po in n r n an

o at dta

NurbaPr n fc-e data-
noi nits

0o ar 1 n aIlber of
alintc anid (flpi
22.i 1 ater,- ?REG"

Pointer to pointers of
registers to increment

Lan in oa

Label x- 02 ndipa
Begin loop - -0.2a itn rdislay

Painter to data points -

to he -.tored Store ,ointer to ith
reqi ,ter

Da'a paint coanter

1 70



PROGRAM MEMORY (LIST)

S TEP CODE KEY COMIMENTS STEP CODE KEY COMMENTS

* Read number of data

-. points that are assoc-

jated with ith regis-

II ter

-- Counter to number of

data points

Calculate al phanumerics

for "PT L"

-' Pack information

Read ith data point

- Store pointer to start-

ing location of regis-

- ters for next set of

-- data.

Label x

Loop for data point

Loop for register loop

177



PROGRAM MEMORY (LIST)

STEP CODE KEY COMMENTS STEP CODE KEY COMMENTS

- -1



SIDE lb
PROGRAM MEMORY (LIST)

STEP CODE KEY COMMENTS STEP CODE KEY COMMENTS

Label INT. Label CE.

-- Unpack number of points -- Set up fourth looping
in nth loop - register

LABEL E'. start calc. - -r d1:! i- -- -= - :_ ]: Store data point of

fourth loop
Pgm n.m.

Label CLR.I

-_ Set up third looping
register

Label LNX.

_-i Set up fifth looping -

- register

- - Store data point of
third loop

Store data point of Label LOG.

i - fifth loop -

-: Set up second looping
register

r279
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PROGRAM MEMORY (LIST)

STEP CODE KEY COMMENTS STEP CODE KEY COMMENTS

Store data point for
_ second loop Innermos't loop

- Second loop

-~ ___________Third loop

Label CP.

Set up first looping
- - I regiter - - Fourth loop

Fi fth l oop

Set up data point for-
I- first loop.

SPreserve R12

I Call Pgm. n.nm

Restore R12

1801



PROGRAM MEMORY (LIST)

STEP CODE KEY COMMENTS STEP CODE KEY COMMENTS

-- -- ii Store 18

-~ '-Label B.

-I Store 11

- Label C

-- Store 12

Label D.

- R19 = R13
R13 = x

Label E.

- - -R20 =R14
R14 = x

Label A'.

-. -- Store 15

Store 16

- La beT

* ,tore 17

- La1)el1 D'.



APPENDI'X C: T N V IION

VNTIK Weapon PadIjus lniversion for Yjeldl

Personnel Weapon Raidius Inver-sion fcnr Yi(oId

Cra to rinq Second FPOPJ Cal an -ilat ion

f~tLCkL~vG PA1a BLANK -NOT Fl LA-IL



YIELD HOB WEAPON RADIUS V !k F A FC TO R

IDESCRI PTI ON:

A. Objective

Trhis codle inverts the AP-5%O CROM' s VNTE r )

for yield (Y) ,given a height of burst , aI weapo)n r 11di us(j B

v uIn er a b ilit y n u mbe r (V N) , nd a k- fa ct o r. Tiput ; Ie nIt vrt

'wi 0h keys A-F, and a calculation is init iat ed by (, uIter Ii nq wce

of six opt ions (entered as an integer betwe en I and( 6S) iI.ke

H'. The six options are:

I. nvet -targjet weapon rajdius- ci lcul at ion for yi(-e1.

2. Invert Q-tarqet weapj(ifl radli usca enio n !r y i

3. (Calcu Iate weiapon rad i us , 1-tar.e

41. CalIcuIa t e Weapon rad i us , Q- t IargeJt

5. ClIcu latec optimumr HOdB and~ maixiimum l,-t re

6S ca 1 (-111 a t(- opt imorn 1101 ari~d ITmixiinmlin WB, - t al

TeweaIponl ra'dius vaIries re lit ivye lv s;I(w)lv with he i rht f t) 1!

I low th ow(pt i mum hoi ;ht of-irs For h!r It easonI , a1 1i ('t

i r':'rs 51 on otf t hw (-Ie (11 c ii at i on f or t he( 11, i (111 of hur st :1(, 1I

in ari h is riot 1hen i nclidl. Insftf'ad, the CIW*1 ('aIlcllc 1:1 I f

the, (pt ir mon li, i (;ht of hu rst. r'I 7  1' 1e !;( S i t S I)!1 4 1 lit, 1 '

()'i o 1t f e ;, I 1ah 1 e ht, i q h1t o o t In r ti

I. I S 'lit ()-li t I)(1t f

I~~~ ]ii if Yi( T

110H~..



WR (ft) (except options 3, 4, 5, and 6)

VN

k-factor

Outputs: Yield (options 1 and 2)

110B (options 5 and 6)

WR (options 3, 4, 5, and 6)

C. Limits (appropriate units are kilotons and feet)

Yield: 0.1 KT < Y < 30 MT (options 3,4,5,6)

HOB: 0 < HOB < HOBmax (options 3,4)

where:

HOB m 2308 yl/ 3 exp(-AJVN/15), P-target

Bmax the minimum of: 900 yl/3
2308 yl/3 exp (-AJVN/15)Q

0 < HOB < optimum HOB (options 1,2)

WR: (0.1)1/3 W1  WR < (30,000)1/3 W2  (options 1,2)

where:

W 1 = scaled weapon radius at HOB = 0

W2 = scaled weapon radius at optimum 110B

VN: 0 K AJVN < 56, P-target

0 _ AJVN , 34, Q-target

k-factor: 0 _ k _ 9

D. Data Storage Locations-, Prin ter Alphanumerics

Variables Re,( Iist ers AI phan u mc1 rI

Yield (KT) RIO Y

H1OB (ft) RII 11

Welpon radius (ft) R12 W

VN P13 V

k-factor R 4 FK



EXAMPLE #1:

Find the yield necessary to produce a weapon radius of

15,000 ft, for a target with a VNTK of 10P3. Assume a surface

burst.

STEP INSTRUCTIONS INPUT KEYS DISPLAY PRINT

1 Turn off, then on 0

2 Read sides 1, 2, 3 of cards 1,2,3

3 Enter height of burst (ft) 0 B 0.

4 Enter weapon radius (ft) 15000 C 15000.

5 Enter VN 10 D 10.

6 Enter k-factor 3 E 3.

7 Initiate inversion for P-target I 2nd E' 1.
10. V
3. K
0. H

15000, W

Read yield 1170. 1170. Y

8 Verify that this yield will pro-
duce a 15,000 ft weapon radius 3 2nd E' 3.

1170. Y
10. V

15000. W



EQUATIONS

Definitions

Y = yield (KT)

I = heiqht of burst (ft)

WR = weapon radius (ft)

VN = VN number

k = k factor

Yield inversion (calculations 1 and 2)

Using t, x0, a and p as defined below (equations 23 throuqh 31)

calculate first guess for Y = Y1 as follows:

AJVN 0  VN

0 =, calculatud using AJVN0 (equations 23, 28) (2)

y1 (WR / k 0 ) 33/

Adjust VN usinu equations 18-22 and YI as yield to (et AJVN (4i

, c,.Iculated with AJVN1 (equations 23, 28) (5)

1/3

2 (WR/ 3  -7

Ajust VN usin( equations 18-22 and Y2 as yield to 1(-t AJVN 2)

calculated with AJVN2 (equat ons 23, 28)

W2 '2 (

] r 'rCvl f i r s t 
M )"3 

- -..



Adjust VN using equations 18-22 and Y as yield; and 12

calculate

W l  = + a Q fi j / ) j i(

Then = i improved second guess (14)

Adjust VN using equations 18-22 and Y2 as yield; and calculate (15)

a/ + _ _ _ 1/3

2 =a( 1  
- .n -3)' j 2.(I

Finally, Y exp WR 1 Vi2n 7)

\WlI

NOTE: If K-factor 0, then calculations begin with equation (12)

with AJVN VN.

Adjustment of VN:

For P-target, AJVN = VN + I I nx ]I {

where

1/3 1/ 2 1 /

who 0 + k -[ '(0- i + I - (19For -target, AJVN = VN + R..2nx, 22

whe re

-- -- :< - +"01
"0 0' 0 Y 'C

2(L2 k( )'j) - k< H) I(.

0



V 20~T ( 1/6 + I k (22)

7~ c 76 3- A JVN/ 6 + oem)7.37 - AJVN'/ 16) ?2

X -0 ejxt (p C- ,2 - VN,'15 7)(. 4

26 - 'AJ VN 4

J - for AJVN 2 2
139 3 31 (26 - AJVN)

-6--1orAJVN 26 26

cxp . 'X3H 93AJVN +r 9.3 5. 393AJN 3. ( 27

Fo r- ti F 'i

Iep13 1. 8 2 AN) + e~p (12 8- 1.4 AJ VX

(158 1 - 4L.,, VA27 + x") (17 0

URIL re"s 2).



PARTITION FLAG COMMENTS FLAG COMMENTS

559.490,1 ,,7,~ lwnd by ['00~ 4 tti
AUTOMATIC 1~m -iO t

acc eleration
LIBRARY MODULE 10l yield irl

4-1, 101

DATA REGISTERS FOR EXAMPLE
LABELS

DATA RE____ EG. COMMENTS __STEP CODE KEY COMMENTS
C I id ex ( ise K d L!! fh1

- j,!oStC-O to Vt (U VO/

(Y as f O/i I CAlcO I c l a

f - actm'

i, sed

- :'c k i fr-



ADAGO 30 HRIZONS TECHNOLOGY INC SAN DIEGO CA F/6 18/3

09 NUCLEAR WEAPONS TARGETING, AP-550, CROM Al. REFERENCE MANUAL. CU)
JUN 79 ONAOOI-78-C-0247

UNCLASSIFIED HTI-R79-125 DNA-5277H NL



PROG RAM MEMORY (LIST)

STEP CODE KEY COMMENTS STEP CODE KEY COMMENTS

;: ~ End of routines U ::_: _ J

7 - -,. B I________ 1L' Label A'.
Ell Label B'. - 4, Subroutine to calculate

Calclatec~-2quess for Y and assoc-
iated WsIF' Flag 4 set =Q target 1., Adjust VN

-T U.: - - - ., Flag 3 set for first
J accel. , reset for 2nd

4 Full WR calculation
J.7.Cal culate u.

P-target c(x____________
L Label 0'.

Adjust VN with present
F yield

Label C'. k

Aitken's acceleration

F W W
1 1

WR or

C. W i
4W

LWI

4 4i

Jli f. ~'

0147 2 L I:::: FJ9___________ 5I~ 0 2 P target

191



PROGRAM MEMORY (LIST)

STEP CODE KEY COMMENTS STEP CODE KEY COMMENTS
F1- 144 :-1 1

7j - Check and print calcula-
-~. tion number

14 - - Initialize for ST*O0's
-~ - in yield inversion

I J-

Label A. t-Set flag 4 if even
(Q-target caic.)

Input Y---

Label B.
- Pepartition w

Input H
R emnove input WR to safe

_________________ -~ place
r Label C._

Input WR

- C -z Yield inversion
E Label D.

Input W1
* -i-~ R 2.4 to get CROM

00
E~ Lbel . - to tranfer to Pgm. 3,

print WR.
R =10 WS expected by

Input k 0
t CROM.

LE Label EU.-
E Enter calc. number to ~cl~lto

begin.- - - - -- - - - - -

4 1,:1- _4 14 WRoptimunm H calcula=
tion

1 4 : 2 1: LF, __ _ _ _ _ _ _ _ _ 1 1 D I '1
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PROGRAM MEMORY (LIST)

STEP CODE KEY COMMENTS STEP CODE KEY COMMENTS
4 A F4.

P targetH
-Final Y

-J n' Adjust VN with finalV
44 E. Calculate at-?

t. WR, optimum H cal cula- 4 5 Fr
tion for Q target J4 4

48 -*Q-target

-4 4

WR calculation R limit
AJV checks

Li P target- --

PF,

F Q target
EX

4 IYield inversion

't -,1 AJVN0 =VNA

1 -2 E: 2f W

0E max

4.4 Calculate Y1 -*R1  1 }n

4 14 Skip first accelera-
9 FF tion if k =0

EQ 0 Upper limit for VN

H' W
1' ':'2  5 Put WR back before

extraneous "V3' 174 getting stuck in
TO Acceleration plimit checks!

TF4 4 I

Reinitialize R0
~~ ~ for indirect STORES.4 F ___________

2 :"? F- I L!_______________4 :_________:____R____C_____L
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PROGRAM MEMORY (LIST)

STEP CODE KEY COMMENTS STEP CODE KEY COMMENTS

'1 1 (30,000)1/3

4 i
I r - 4 0 5. F

4 :4 11-46

- 00

34F 4 _-7

j- T Prn4ild one

4 C-4

Calcultyiond fouyield

F3' RC toptdiit
- . ~ . ~ Ilk"

25 2 3 F: (a+MP
C4 T

-4 9 7

: CaFlulart o abe yiel

(.1)1/

t ..



PROGRAM MEMORY (LIST)

STEP COEKEY COMMENTS SE COE KYCOMMENTS

84 D4FJ VN adjustment 4 9 TO

3" 1 AJVN

4 1 4-.FF Part of Label A7
389:49 5 14 014

S0- 4.:-1-4 (Q-target WR caic.)
441: 1
4:Calculation of P-target

44 5 - UN WR, adapted from CROM

: 7 U 4 -144 4

44EI 2"7 C.P Skip
-74 E~ if

40 ", 5: A4 H=O
41 5 44.32
40C! 2 34
4 fY3 FiL4
41:14 T2452 5

4:1 F- :5 44:

4r1 4 5
4:1 _96 +

4 10 T 4 It
411 = 4 4 6:.

4 15142C 4 tS'3
4

J.

414 C. 46-5C
4 18- 4 4t +

4 19 51 x4t

4 1. 4L61 :-'

4 S 411 f
4 94.71 L N::
4 ''4 '2 '4 7+

41 + 47
4~~7 :. 4 :: 4

4 2 812 nx 4~C 5 -5

412:_ 4 _ .;T04 E 4 2 STO p
4 -4 0'. 1/3 470.
4 1'- R Y_ ' r4,..0 '-- FR ':L 03 478 :,RC
431 4.~ 79__ _ _ 2 1 21 __ _ __ _
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PROGRAM MEMORY (LIST)

STEP CODE KEY COMMENTS STEP CODE KEY COMMENTS I
4-ri 0 4 + 5 E, F. . G 1 Q-target WR caic.

4 8' 22 2- EF250 71sz
4 0EF 7 5:' 1 ~ ; 1 - - -- - - - - -- - - .

4 E4 i__ un 0: -l 5-1/3
4 74j 1 91 53.- L: in 1 W~ in R
4:6TO 0-4 'F WR (given)

4 F opt 5.
4'3 R. 11-

4901 5 5- R or R0

4 -2 55 4 C. O

.4 FLI
4~~9 I: 4 4 1-

4 44 Entry point for first
_1 4 F 1 guess Y1

~ 4 '~WR

D I -I.

10 Eiy =((WR 9)

504 :_4 0~ 14 5 52 0C orR
II 06U 08

91,- 4
Ii Fl -~-New Y

5 -1 -5 -.. b ~ L

51: i 1
5 11 Ca

514 i'_. F P
5ij 4 

5147 OF-

91-'4 4 C'14

1 EF6 Finish off WR caic.

4 13504

5 -7 9 :3 i .2 -- - -
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PERSONNEL VULNERABILITY YIELD CALCULATION
l t WEAPON

RADIUS

YIELD RADIUS ENVIRONMENT YIELD

PERSONNELsdid 3afrfrHB0OBe-pimVULNERABILITY YIELD CALCULATION

SOURCE OF DATA:

Defense Intelligency Agency, Physical Vulnerability Handbook-
Nuclear Weapons (U), AP-550-1-2-60-INT, June 1, 1969, Ch. 4.

DESCRIPTION:

A. Objective

This code finds the yield necessary to produce a specified

personnel weapon radius for the twenty environments listed in

section 4 for the surface and near-optimum HOB cases. The

accuracy of this inversion of the CROMs program 04 will

generally be within !5%, although there may be a few areas

with errors slightly larger.

The program uses two cards. The two sides of card one are

read into banks 1 and 2 respectively. With the other card,

the first side (marked 3a) is read into bank 3 for calculation

of the surface burst case, and the second side (marked 3b) is

read into bank 3 for the near-optimum HOB case.

For convenience, one can also, with this card, exercise the

CROM Personnel Vulnerability calculation in the forward

direction (i.e., finding WR, given the yield, etc.), without

having to call Pgm 01. That calculation is begun through key 2nd

E'; done in this way, the environment number is retained for

successive calculations.
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B. Inputs - Outputs

Inputs: Yield (KT) (for calculation of weapon radius)

HOB (ft)

Environment index

Weapon radius (ft) (for calculation of yield)

Outputs: Yield (KT)

HOB (optimum) (ft)

Weapon radius (ft)

C. Limits

Yield: 0.1 _ Y < 30,000 KT
HOB: 0 < HOB < 1000 yl/

3 ft

Environ-
ment: Env. = 1,2,3,...20 (see section 4)

Weapon

Radius: (limit is environment-dependent; maximum weapon

radius corresponds to a yield of 30,000 KT, and

minimum weapon radius corresponds to a yield of

0.1 KT.)

D. Data Storage

Variables Registers Alphanumerics

Yield R10 Y

HOB R11 H

Environment R20 E

Weapon radius R12 W

198

__________________



EXAMPLE #1:

Calculate the yield that produces a weapon radius of 20,000

ft. for the near-optimum height of burst case, for the first

environment category.
I.

STEP INSTRUCTIONS INPUT KEYS DISPLAY PRINT

1 Turn off, then on 0

2 Read both sides of first card,
and second side of second card (3b)
(first side is for surface burst
case) CLR 1,2,3

3 Enter environment category 1 C 1.

4 Enter weapon radius 20000 B 20000.

5 Initiate calculation E 20000. W
1. E

6540. H
547. 547. Y
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EQUATIONS

The inversions for yield are done by fitting a cubic inter-

polating polynomial through four values of the weapon radius

curve around the point to be inverted, and inverting the polynom-

ial for the desired yield. The values for the interpolating

polynomial are obtained from a lookup table, as described below.

Each of the data registers 30-47 contains (in packed form)

weapon radii at every decade of yield between 1 and 105, for

environment categories 1-18, respectively. Data on the first

side of the second card are for surface bursts, and data on

the reverse side are for optimum heights of burst. The weapon

radius for Y = .1 KT is obtained from the lookup table in Program 4

(and is adjusted to y6 (adjusted weapon radius) in the optimum HOB

c ase), thus providing information for WR for values of o Y =

-1, 0, 1, 2, 3, 4 and 5. Four points that "box" the desired

weapon radius are chosen, so that two are greater than the

desired WR, and two are less that the desired WR.

Desired WR

-1 0 1 2 3 4 5

Log Y = y

These four points define a unique cubic polynomial,

which is set up as described below. Once these four points

have been obtained, an approximate solution to the cubic

equation is effected by first setting up a quadratic equation

that interpolates the first three points on the graph, and

inverting it for a "first guess" at Y, and then expanding the

cubic polynomial into a second-order Taylor series about the

"first series", and solving the resulting quadratic equation.

This approximate inversion to the cubic polynomial is suffi-

ciently accurate so that there is no significant deviation from

the true solution to the cubic polynomial. The polynomial

itself approximates the data to 2%, except in the transition
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region around Y = 10 KT, when it gets as high as 4-7%. This

gives an error in yield of -5% normally, and -20% in the

transition region, in some cases.

The equations for this procedure are as follows. (The

cubic polynomial is in kog-,og space).

Calling the four points along the abscissa that box the

desired weapon radius (in og- og space) y-lf YO, Yl, Y 2 1 and

the corresponding ordinate points Wi, W0, Wi, W 2 , then the

quadratic formula that interpolates the first three points,

2

fq =y0  a y- + Y- +c()fqy-y0 aq Y-Y 0  +bq y-y0 q

has coefficients

q= i(W 1 +W -W W (2)

bq (3)bq = f(W I - W-1)  (

cq = W 0  (4)

and the cubic interpolating polynomial,

f c(y-yo = ac(y- yo)3 + bc(y- YO)2 + Ccly- yo +dc (5

has coefficients

1
ac = -(W 2  3W I + 3W0 -W) (6)

bc =(W_+W).- WO = aq (7)

c = -2W 3W + 6W W (W - W-i) a b -a (8)c _-1 0 1 2) = (l~~ c q c

d w0 = c (9)
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It is convenient to express these coefficients in a slightly

different form:

let 2a 2b (10)q
. = b ( i i )

bq

W0  = dc (12)

= 3a, - (T + ) + 1 (13)

Calling y the solution to the quadratic formula, then
q

2
(Yq YO) - + sgn(,H 2 (h-W)-q -T-Y1

where W nWR (15)

and the cubic polynomial Taylor series expansion has the

fornm

f y- yq) f (yq- Y0 ) + f'(y - Y0 )( y- yq) +

if,,(y - YO) Y (16)
2 Yq 0 ( -0)2

Where f' and f'' are the first and second derivatives of

f, respectively.

Let r = -!a- : q (17)f''I Y q) (2 Cyq+)

Then using the approximation of (16),

2 2 f lYq1 -W)

y- yq) + sgn( 2 )yq + fr- 2 'yq + (18)

which gives the final result,

Yield = 1 0 y (19)
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If W Wf ( n WR at yield = 104 KT), then the yield is

approximated as

expIW~ Wf1 y)/3

exp W - = / (20)10 4

or

Y = 10 4 x 1 -W (21)

setting as an upper limit on WR

expIW-Wf) = 3 =_ exPWW +1n3 (22)

The more accurate approximation calculates a weapon radius

given this value of Y, and calculates a new Y (Yield) as

1/3 WRYew new (23)

WR 
(23)

or

(Ynew) = Y( new) (24)

The last two categories can be inverted analytically for yield:

WR [a+ a(Y- b) '-] (see Program 4 equations) (25)

or

-a. + b (26)

I
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The coefficients a, a~, p and b are packed in registers 48

and 49, as:

Class 19 Class 20

HOB = 0 HOB = optimum HOB = 0 HOB = optimum

1 x 10 a- 110 679 1.0 502

10~ 5 O 73 61 57 46

p .445 .445 .462 .462

5
10 b 150 3939 125 2367
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PARTITION FLAG COMMENTS FLAG COMMENTS
559.49 Suppresses

CROM printing
AUTOMATIC 2 For short or

long calcu-
LIBRARY MODULE latlon

CROM A-1i

DATA REGISTERS FOR EXAMPLE 1LABELS

DATA REG. COMMENTS STEP CODE KEY COMMENTS
-, Retrieve data

U Subroutine addresses Retrieve R02
" digits

10e-

quadratic form.

-WR

print output

Yield
=0
Weapon radius
Address for environ-

- ment-dependent coding

.... Environment type

:-:, 5 0 8 ! i a ' 49 _:i-

~44

2° 95141-1

205
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PROGRAM MEMORY (LIST)

STEP CODE KEY COMMENTS STEP CODE KEY COMMENTS
_14 Entry point for calcu-

End of calculation lating f"(x)

Label C'. Retrieve data

for environment E

Label D. Quadratic
E formula, to invert for

x

2 x

Data table for relevant
environment (f(x)

_.Label A'. Retrieve P02

dioits from register
13.

(data unpacking)
-y)

Label 8'.

Calculate e -x

0 - Label D'. Used in
calculating f'(x) and
f(x) (where f(x) is gn' '(x))=sgnf- -

cubic polynomial)-- - - - 2

Label A. Ente. Yield

E L Label T. 1tr weapon
- : -radius

FL

--i : FT 7 --

24 LEL FLabel C. Entr e.vi.nn-
0:4 17, 4 , :ient typo
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PROGRAM MEMORY (LIST)

STEP CODE KEY COMMENTS STEP CODE KEY COMMENTS
:44 - = yo'=lower limit for WR

E: Label E.

Calculate WR

- Advance paper
_ - :T_ L: Set up W I

Subroutine sets up a Set u-
_-- CROM call to calculate -

WR

Preserve old WR
Shift W, W2, W3

until W W3

Case for W Wf

Case for environment - (fW

category 15

F- Start of inversion for
-- WR

-- wt
Calculate upper limit

- - Eon WR:
LN -WR =exp(Wf n3)

14 7 ; E, ma x f
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PROGRAM MEMORY (LIST)

STEP CODE KEY COMMENTS STEP CODE KEY COMMENTS

Y+10 exp[-3(Wf-W)]

- -- - Print HOB

Calculate WR(Y) and
adjust Y

Label

Calculated Yield.

- ~ Print Yield

1/3 --

R11= HOB =HY

Set up interpolating
polynomial:

R23 W

7 ~ R24 W

Print WR Ei

2

W.L

Ui Print environmentI

Fr F Il in R23
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PROG RAM MEMORY (LIST)

STEP CODE KEY COMMENTS STEP CODE KEY COMMENTS

1in R25 (Y- YqNYqo+

F

-.-. zogY=(y-y )+( )

in 4-ROG
25 in R24

Y(obtained from cubic
spirals)

Li Solve for (y~- 0  -

L Store limit on WR
C.F
4E Calculate f''(v -y) Calculate WR at newly

- - -- a 0
found yield.

_ Calculate f(yqy)

-f' (y-Y0 )'tct

F;F:t Correction to yield

L F: Environment categories
19 and 20

f(yqy)4f (yoy)

IE F

ET 0 i ',(y-y
.-.- yO)~ upper limit on WR

L 5 14 Di au_____x_ 1- 10
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PROGRAM MEMORY (LIST)

STEP CODE KEY COMMENTS STEP CODE KEY COMMENTS
4 4" 1 TC

E: Label E.
EE E

-Initiate calculation
H in R11

R11 0

Lower limit on WR r

(so as to retrieve 2
digits at a time) 10F: Repartitions

ot Environment to t

R02 =10

E Envi ronment categor-

ies 19 and 20, oo to

Ll 7~

t - Environment category

15, o to133

F Gi Retrieve data for y
4.-:1- EE 4T: 4 A 4 and Ht

41 -:l b 47 71 -;EF o
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PROGRAM MEMORY (LIST)

STEP CODE KEY COMMENTS STEP CODE KEY COMMENTS
48': 40 IA H C

4 Start of case for
4 ;4H Listing for--opt

surface burst case is ---
shown after listing

K for H case---
J-4 ace optj

74 1 Packed dataRC-1

4 9~ 1~

- F F Change number of digits
0., to be retrieved

C- A

unpac Y6

Inictortypoga

that HILisi
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PROGRAM MEMORY (LIST)

STEP CODE KEY COMMENTS STEP CODE KEY COMMENTS

Program for HOB=O

Retrieve packed data

Unpack yo

Indicator to program
Sthat surface burst

4 case is in memory.

4 ! i .- I-

5 8- -: i'2- 0 Cl 0
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CRATERING, 2nd DOB CALCULATION
) 7.n - cALc

CRATER
YIELD HOB MEDIUM RADIUS 2nd BOB

SOURCE OF DATA:

Defense Intelligency Agency, Physical Vulnerability Handbook -

Nuclear Weapons (U), AP-550-1--2-69-INT, June 1, 1969, Part II.

DESCRIPTION:

A. Objective

Program 7.1 of the AP-550 CROM calculates the upper of two

depths of burst of yield Y, which will produce a crater of a

specified radius, (R), in the designated earth medium, (M).

This control program calculates the greater of the two depths,

and, for convenience in comparison, will exercise program 07

if desired. Keeping with the convention established, a depth

of burst is referred to as a negative HOB.

B. Inputs - Outputs

The user enters the weapon yield, (Y), crater radius, (R),

and medium number, (M), corresponding to one of these media:

Dry rock (M=l)

Wet rock (M=2)

Dry soil (M=3)

Wet soil (M=4)

Inputs may be entered in any order.

The program includes limits for all entered values:

0.1 < Y < 30,000 KT U.L. = 151(y)0>-3 for M=l
I < M < 4) U.L. = 172(Y) 0 .3 for M=2

U.L. = 159(Y)0 -3 for M=3
0 < R < upper limit (U.L.) U.L. = 210(y) 0 .3 for M=4

After the calculation is initiated, the program checks each

value against its limits and prints the value. If a limit

is violated, the calculator stops printing the inputs and
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flashes the exceeded limit in the display. The input value

is printed with a question mark and put in the t-register.

To re-enter an acceptable value, press CLR and re-enter the

new value into the appropriate key. Then press R/S to start

the calculation over.

The calculation can be started by pressing key E or R/S

after the appropriate data is entered.

C. Special Features

The five cratering calculation options given in Section 7

of this document can also be run by entering the appropriate

calculation number in key 2nd E'. The program leaves the

calculator in the radian angular mode.

D. Data Storage Locations and Printer Alphanumerics

The user may find the following information in the indi-

cated registers.

Variable Register Alphanumerics

Yield RI0 Y

Medium R12 M

Radius R13 R

HOB RIl H
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EXAMPLE #1:

Find the greatest depth of burst (a negative HIOB means a dis-

tance below the ground) for which a 10-KT weapon will produce a

crater radius of 315 feet in wet soil.

Compare this to the DOB nearer the surface at which the same

weapon will produce the same crate,_ radius.

STEP INSTRUCTIONS INPUT KEYS DISPLAY PRINT

1 Turn off, then on0

2 Read one side of program card 1 I

3 Enter yield, Y (KT) 10 A 10.

4 Enter crater radius, R (ft) 315 D 315.

5 Enter medium number (l=dry rock,
2=wet rock, 3=dry soil, 4=wet soil) 4 C 4.

6 Calculate the D0B (ft) E 10. Y
4.

315. R
-447. H

7 Calculate the upper DOB (A) 7.1 2nd E' 7.1

4. M
315.

___ __ ___ __ ___ __ ___ __ ___ __ ___ __ __ __ ___ 1-72.4 -72.4 H

PRINTER OUTPUT:

-4 47. H

.1

4. H
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EQUATIONS

Definitions

Y = Yield (kilotons)

HOB = Height of Burst (feet)

R = Crater Radius (feet)

R +d

Define z: z = arc sin (1)
c

Then HOB = -3.3(Y) 0.3exTDa -zW20/3j

The coefficients are:

Coefficient Dry Rock Wet Rock Dry Soil Wet Soi.

a 150.0 153.0 117.0 128.3

b 37.0 36.0 25.0 29.0

c 6.02 5.15 5.07 8.35

d 1.0 0.0 0.0 3.0

NOTE:
Equation (2) is an analytic inversion of the crater radius

curvefit equation:

R (Y) 0. 3exp c sin (a bn-IOB d

21 0
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PARTITION FLAG COMMENTS F LAG COMMENTS

479.59 Z Not used
AUTOMATIC

LIBRARY MODULE

CROM A-1

DATA REGISTERS FOR EXAMPLE 1LABELS
DATA REG. COMMENTS STEP CODE KEY COMMENTS

- 'Unpacker rtne.
- - Tmp A Store yield

Temp Store medium
Temp - Store radius
Temp 

-Prepare forcaic
Tem 2nd HOB caic.

-~ - CROM cratering
i~: -~ E Store HOB

y
H

R

Temp

Temp
-Temp

Temp
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PROGRAM MEMORY (LIST)

STEP CODE KEY COMMENTS STEP CODE KEY COMMENTS

Upper Limit Reset flags 0 and 1
for radius

Upper Limit
for radius
M =2

-__-:-_--_-_.___________i Store 10 in R02
Upper Limit
for radius
M =3
____.-__.T_______

- -__T_- Call yield limit

Upper Limit checker and printer

for radius
M 4
_____-____T_____-____.-____ Add 1 to R02

-l Label A'.
Call medium limit

Call Pgm 7 checker and printer
: Unpacker

-: -E Label A.
4 M -4

- Store yield in RIO

Store in R21
Go to Label WRT

... Limit checks for
EL Label C. - - radius

- Store medium in RI2 j Lower Limit = 0

Go to Label WRT
Alphas for "R"

-L Label D.

,- - Call radius upper
I Store radius in R13 i4 limit

E- Label WRT. I Take I-I.L. \ (Y)0 3

-Remove scientific and
fixed notation from E

F. _ , display. . ..

Check limits and print
T 0- radius

LE Label E.
1:14 E 9 i 1 Begin calculation
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PROGRAM MEMORY (LIST)

STEP CODE KEY COMMENTS STEP CODE KEY COMMENTS
9 - 165 144

22--
F _1F Call the routine to get 4

the coefficient string -Cl otn ofns
containing a, b, c and - - e.2adpitsal

d E: er HOB

R02 =3

Call unpacker to get a, ~
R24 - -a--

Call unpacker to get bT Will do calculation

R25 bF again when R/S pressed,_ b Label E.

Call unpacker to get c, 2- 1 C 5 P g

i - pth coeinitiregstring 1to begin calculation.

- E.  Calculation of eq. 1 ::_ Lael.

- Store HOB in R

z in display

Calculation of eq. 2

FC

414-4

142197--__ __ __ _

i !_ii 02 T-' =,-: --' 219r



APPENDIX D: PROBABILITY OF DAMAGE TO

IRREGULARLY SHAPED TARGETS
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PROBABILITY OF DAMAGE TO IRREGULARLY SHAPED TARGETS
CEP TARGET OFFSET DAMAGE 3n- CALC

RADIUS O SSIGMA
WEAPON LENGTH OR WIDTH OR

ANGLE SIDE 1 RADIUS SIDE 2 SIDE 3

3 = • , o "o ,3

SPROBABILITY OF DAMAGE TO IRREGULARLY SHAPED TARGETS

SOURCE OF DATA:

Defense Intelligence Agency, Physical Vulnerability_ Handbook -

Nuclear Weapons (U), AP-550-1-2-69-INT, June 1, 1969, Part IV.

DESCRIPTION:

A. Objective

The objective of this program set is to provide calculations

of average probability of damage for rectangular, triangular

and elliptical targets with uniform target element distributions.

These programs use the Probability of Damage to Point Targets

CROM program as a subroutine. The weighted point method is

used and therefore target size limitations must be imposed to

ensure accuracy. The limitations are:

Triangular target: longest side _ CEP

Rectangular target: diagonal - CEP

Elliptical target: major axis i 2 x CEP

If target dimensions are greater than the limitations im-

posed above then the general case method for area tarqets should

be used to compute the Pd. This method requires that the area

target be divided into small cells of equal area whose greatest

dimension is less than or equal to 1/4 of the CEP. Each cell

is then considered a point target and the Pd to each cell is

computed using the point target program with an offset equal to

the distance from the DGZ to the center of each cell. The Pd

to the whole area target is then obtained by averaging the Pd
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to each cell. To implement the general case method for area

targets, the user must use program 3.0 and then manually com-

pute th%- average Pd.

B. Input's - Outputs

The three calculations comprising this program set and

their necessary inputs are as follows. Figure c gives a

graphical representation of the inputs.

Program 3.3: Probability of damage - rectangular targets.

Inputs: Offset of the DGZ from the target center, (x) ft.

Angle between offset line and length, (A) deg.

Target length, (L) ft.

Target width, (WD) ft.

Program 3.4: Probability of damage - triangular targets.

Inputs: Offset of the DGZ from the "offset vertex", (x) ft.

Angle between offset line and side S1, (A) deg.

Lengths of the three sides, (Sl, S2, S3) ft.

Note: Sides S1, S2 and S3 are defined by moving clock-

wise from the "offset vertex"; which is the

triangle vertex to which the offset distance (x)

is measured. (see figure 3)

Program 3.5: Probability of damage - elliptical targets.

Inputs: Offset of the DGZ from the target center, (x) ft.

Angle between offset line and major axis, (A) deg.

Length of major axis, (L) ft.

Length of minor axis, (WD) ft.

C. Limits

Rectangular targets:

Length (L): WD < L < (CEP2 - WD22)I/2 ft.

Width (WD): 1 : WD L ft.

Triangular targets:

Longest side (S): 1 < S CEP ft.

Elliptical targets:

Major axis (L): WD < L < 2 x CEP ft.

Minor axis (WD): 1 < WD < L ft.
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RECTANGULAR TARGETS wDesired Ground Zero

X Offset line

TA Line parallel to length
w

Target Center passing through target

center

TRIANGULAR TARGETS

A°

offset

S] .veerex
S3s offset

S1. vertex

532

ASx S Si A 0

offset vertex

ooffset line X
X offset

1*11 line Xoffset line l

Desired Ground Zero Desired Ground Zero Desired Ground Zero

ELLIPTICAL TARGETS
offset
line Desired Ground Zero

T minor axis X
major axis A

Figure 3. Definition of input dimensions for various area targets.
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Input limits common to all target types:

Offset angle (A): A > 0 deg.

Offset (x): x > 0 ft.

CEP: CEP > 0 ft.

Damage sigma (s): 0.1 S S _ 0.5

Weapon radius (W): W > 0 ft.

D. Data Storage Locations and Printer Alphanumerics

The user can find the following information stored in the

indicated registers.

Variables Register Alphanumerics

program no. R00 --

angle RIO A
triangle Si RIl S1

weapon radius R12 W

triangle S2 RI3 S2

triangle S3 R14 S3

rect. length R13 L

rect. width R14 WD

major axis R13 L

minor axis R14 WD

CEP R15 C

target radius R16 TR

offset R17 X

damage sigma R18 S

Pd R19 P

E. Special Features

The user may run the programs described in Section 3 of

this documentation by entering the appropriate program desig-

nator (3.0, 3.1, or 3.2) with key 2nd E' of this control program.

If this is done, a value for the target radius will be printed

for all three programs even though the value is used in programs

3.1 and 3.2 only.
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EXAMPLE #1: Probability of Damage to Area Targets

Given the following information:

Weapon Radius = 400 ft Offset = 200 ft.
CEP = 320 ft. Damage sigma = 0.4

calculate the average probability of damage for the following area
targets.

(1) A 240-ft by 80-ft rectangle with a 53-deqree angle between
the offset and length lines.

(2) A 260-ft by 100-ft ellipse with the same angle between the
offset and length (major axis) lines.

(3) A triangle with Sl = 100 ft, S2 1 100 ft, and S3 = 100 ft,
and a 210-degree angle between offset line and S] measured
in the clockwise direction.

STEP INSTRUCTIONS INPUT KEYS DISPLAY PRINT

1 Turn off, then on 0

2 Read both sides of card one, and

one side of card Ewo 1,2,3

3 Enter weapon radius 400 C 400.

4 Enter CEP 320 2nd A' 320.

5 Enter offset 200 2nd C' 200.

6 Enter damage sigma .4 2nd D' 0.4

TaryetI: Rectangle

7 Enter target length 240 D 240.

8 Enter target width 80 E 80.

9 Enter angle betw'een offset and
length lines 53 A 53.

10 Begin rectangular target calcu-
lation 3.3 2nd E' 3.3

400. W
(calculation takes 1.25 minutes) 320. C

0. T
200. X

0.4 S
53. A
240. L
80. WD

0.432 0.432 P

Target 2: Ellipse

11 Enter target major axis 260 D 260.

12 Enter target minor axis 100 E 100.
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EXAMPLE #1 (Cont.)

STEP INSTRUCTIONS INPUT KEYS DISPLAY PRINT

13 Begin elliptical target calculation 3.5 2nd E' 3.5
(calculation takes 1.8 minutes) 400. W

320. C
0. T

200. X
0.4 S

53. A
260. L
100. WD

0.43 0.43 P

Target 3: Triangle

14 Enter Si 100 B 100.

15 Enter S2 100 D 100.

16 Enter S3 100 E 100.

17 Enter angle corresponding to the
number of degrees in the clockwise
direction between the offset line
and S1. 210 A 210.

18 Begin triangular target calculation 3.4 2nd E' 3.4
1100. W

(calculation takes 1.0 minutes) 320. C

0. T
200. X

0.4 S
210. A

100. Sl
100. 52
100. S3

0.416 0.416 P
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EQUATIONS

Definitions

WR = Weapon radius

X = Offset

G = Damage sigma

CEP = Circular error orobable

TR = Target radius

P = Probability of damage

Routines 3.0, 3.1 and 3.2

Initially the following adjusted values are calculated:

CEP = /CEP2 + kTR2  (1)

a

where k = 0 for point targets,

k = 0.231 for circular targets with normal distribution.

For circular targets with uniform distribution:

k = 0.4 when TR < WR+ CEP+ x

k = 0.5 when TR > WR+ CEP+ x

Wi = WR - CEP (2)
a

For W1 < 30, the following curvefit coefficients are calculated:

b = 26 exp(-2.1;- W  (3)

a = exp 1339exp (-427) - 2++ 3 .) 7lexp -31]j-+ (4)

where y = 7000a 5.6 [exp(-21a) (WI-5.5)] (5)

R0  = (3.6o-2)Wl- (l.3+l.lo)n[Wl(0.24+o)] 6)
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: Wl- 0.2- (+ )7

where 3' 0.61(WI + 4o- 3.2) (2.23 + 2.23) (8)

n n06r + 1 (9)

where I12 1 F.4T
where 1.2 exp (l0( - 1. lWl) + -- exp 9 4

0.9 exp(-2.69,,) -2.7 nc] (i0)

T' tan [b '-F ) I (11)

+= n[+' + 10-5] (12)

where 2- 1 (13)

With these coefficients, the code proceeds to calculate the

probability:

Xl = X: CEP (14)
a

R' = 3.19 (1-a) tan[b(Xl-)] + a n Xl + 2  (15)

for Xl 2, R = -R' (16)

for Xl 2, R = cos(45Xl) R 0+ - +R' -R' (17)

For W1 > 30, R is given by,

R -0.07z 3 - 1.6z (18)

wh~ere z = n 1 (1-2)'!] t /n(l 2)()

And finally to go from the transformed R soace to the

probability P we have

1p =p1 (20)1+ exp (R)
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Routine 3.3 Average Probability of Damage to Rectangular Targets

Definitions

D = distance from the desired ground zero to one of the four
1

corners of the rectangle.

A = anqle between the offset line and length

L = length of rectangle

':D = width of rectanqle

P = average Pd to the rectangular targetr

For i : 1 to i = 4,

D. = [(XcosA- 0.5gL) 2 + (YsinA- 0.5hWD)2] (21)

where g = sgn[cos(90i+45)] (22)

h = sgn [cos (90i-45) 1 (23)

(Sqn is the siqnum function.)

The following table shows i, g and h:

i g h
1 - l

2 -1 -i

3 1 -i

4 1 1

For each D. , P(D. ) the nrobability of damage to a point tarcet

for the desired ground :-aro a distance D. from the target is
1

calculated by setting X = D. in ecuations 14 through 20.1

6P(X) + P(D I ) + P(D) + P(D ± P(D
P = (24)
r 1.0

230



Routine 3.4 Average Probability, of Damaqe to Triang-ular Targets

Definitions

D 12 =distance from the desired tround zern to the

vertex of sides Si and S2

D.,] =-- distance from the desired pround zero to the

vertex of sides S2 an] £3

S2 .ind S3 -3 sides of the tria]i n (see figure 3, 1 D-5)

D = distance from thu d2-ni red uround zero to the
C

centroid of the triani]

P= Averae Pd to the trian.:ular tar,'et

DI2 [(S) 2 2- ?(Si.,XcosA] .i
S[(S3 -I s., C ] ' A

122

where - arc cos ( )- + ( ) (S2)2

D 2 [\12 3±
c9D c = [%12 + \ 2 _ 2 YIcos (A + ]

where 'I = - i ( )
2 sin( +)

3(S] 2 + ($3):arc cos l ~ ] [ < ( +1 8(S3)- < ,2W

(c - -Sar-c cos,
(S) [2 (2) + 2 (s3) 1- (

7P (D ,+ P (+<) + P (D 1 2 ) + P (L23)PT 1 r0



Routine 3.5 Average Probability of Damage to Elliptical Targets

Definitions

D. = distance from the desired ground zero to the corners and
1

midpoints of sides of an inscribed rectangle in the ellipse

A = angle between offset line and major axis

L = length of the major axis

WD = length of the minor axis

P = average Pd to an elliptical targete

For i = 1 to i = 8

S (XcosA - f L-WD + <sinA - ,% (33)

where f = sgn[cos(45i + 45) (34)

j = sgn[cos (45i - 45)] (35)

The following table shows i, f and j

i f i
1 0 1

2 -1 1
3 -1 0

4 -1 -1

5 0 -1

6 1 -1

7 1 0

8 1 1

4[P(X)+P(DI)+P(D 3)+P(D5 )+P(D 7)] + P(D2)+P(D 4) +P(D 6 )+P(D 8)P 02 (36)
e 24
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PARTITION FLAG COMMENTS FLAG COMMENTS

L I See Pgm, 3
L Al CROM flags

AUTOMATIC

LIBRARY MODULE

CROM A- 1

DATA REGISTERS FOR EXAMPLE LABELS

DATA REG. COMMENTS STEP CODE KEY COMMENTS

Program no. Enter angle
-' WI Clear format

Print Routine Ind. Reg. _ Triangle calc.
- . . -- CEPa -. Limit ch-cks
-- Temp Calc. 3.0, 3.1,

Tep -- -- Cosine law
Temp - Distance calc.
Temp Calc. P(Di )Temp Limit checks
Temp Rectangle calc.

A Rectangle calc
FS = Print P

WR Ellipse calc.
S S2 or L i i Ellipse calc.

7 $3orWD Enter SI
CEP *Enter WR

- TR --- - - Enter SZ or L
- Enter S3 or WD

- Damage Sigma A Enter CEP
P Enter TR
Temp - Enter Sigma

- - Enter x
- -- - -Flag 7 check

b Advance paper
, a .. & - -- Program stops

- -- -- --- RO, . here
Begin calc.

L ' Print angle

Temp

Registers 29 through 49
unused

'I:

A.23 ,-_:, -:23-



PROGRAM MEMORY (LIST)

STEP CODE KEY COMMENTS STEP CODE KEY COMMENTS

; Label A. 4!- ' See Eqs. I through ?0
Go to Label RTN

- Store angle in RIO _-___-__ ___-__

........... __ __ _ Label COS .
- Label WRT. Routine used in the

triangular targets
Remove FIX and Scien- calculation to perform
tific display formats cosine law.

See eqs. 25, 26 and 27

- Option to run same
- calculation with R/S. 0
- Put 3.n in display

Go to Label E'

_ Label 7.

- Calculation routine for
- 1 triangular targets

c::.,- ' 2 2 2 - - ..
($1) + (S3) - (S2) 2

- Label OP.
Printout and limit Go to Label GTO
check routine for _---__ ___-

- triangular targets Label P/R.

routine - Routine used in the

Recall alphanumerics rectangular and

put in t register elliptical targets

Lower Limit I 1 calculations to calcu-
late Di

-- Upper Limit = CEP

Call Pgm. 9 to check See eqs. 21 and 33
-- I limits and print

value

Calculation of g and h

Label PGM. (see eqs. 22 and 23)
- -- or f and j (see eqs.

- - Call CROM Pgm. 1 to do - 34 and 35)

calculations 3.0, 3.1 ,
E: F and 3.2

0 4 0 9 5 0 F'
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PROGRAM MEMORY (LIST)

STEP CODE KEY COMMENTS STEP CODE KEY COMMENTS
S i 0 10 i44 .- 2 H1. Upper limit

14- "L" alphanumerics

Lower limit = WD

Call Pgm. 9 to check
limits and print out L

Store L in R07

7 : "WD" alphanumerics

M" C4: 7 7 i6 l

Call Pgm. 9 to check
limits and print out
WD

Store WD in R08
LIr

Label RST.

7 F1 --'R Start of rectangular
targets average Pd

Label GTO. routine

S-6. Call Pgm. 3 to calculate
P(DI ) E Call SBR PRT to check

FRT limits

See eqs. 24, 32 and 36 ,
- 9 '-, 6 P(x)

- 4 :-U Store sum of P(Di) in see eq. 24
R28 .

R4 - = 4
7 - LEL Label PRT. Store i in R06

FFT ' , L Label RAD.
Fi. L Limit check and print-

out routine for rec-
tangular and elliptical Call SBR P/R to calcu-

;targets i E late D and P(D
14 3 4 T _:__ 1-'91F' R
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PROGRAM MEMORY (LIST)

STEP CODE KEY COMMENTS STEP CODE KEY COMMENTS
~'If i > 0 subtract 1 ..40 F% F! See Eq. 36

lit A' from i, store i in ~E
~: R06 and go to RAD : Subtract 1 from

- - a E:L Label =.e T E~ Call SBR P/R to calcu-
-P late D. and P(D)

S For i 01
F. 4P(Dj) for i equal to

Repartition back to 1, 3, 5 or 7
F: normal partition

Call Pg. 3to print If i >0subtractlI
out p from i, store i in R06

and go to EXC

F Go to Label ADV Divide R28 by 2.4

ij Label EE.

Start of ellipticalGot Lae =

-. targets average Pd
routne~L~ Label B.

4P(x)- -

t*F See Eq. 36 Store Si in R11
- Call SBR PRT to check

limits Go to Label WRT

F: -t t L B Label C.

D2  F Store WR in R12
c. Store )LLin R08

See eq. 33 R~ Go to Label WRT
L E' Label D.

L Store either S? or L in
- - - R13

F. Go to Label WRT
L L Label E.

F Store P W2in .O7E
A-F- Store either S3 or WD)

See Eq. 33 in P14

"* '~' Store i in R06 ~' ot ae R
L E:L Label EXC. L LE:L Label A'.

4:: E:: C Call SBR P/ to calc. "
1 : EF! Di and P(Di) 4 TO 7__________
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PROGRAM MEMORY (LIST)

STEP CODE KEY COMMENTS STEP CODE KEY COMMENTS
- -- ~ 15 Store CEP in R15 E.- 42-~

-d -~ ~ Go to Label WRTj-
6 LE:B Label B'.

-~Store IR in R164

4, Go to Label WRT j

El Label D'.

-_ Store sigma in R18

_ Go to Label WRT
-~~~~~h~E F;__ _ _ __ _ _ _ _

h ~F~_ Label C'.

MI. Store x in R17 L~ Label ADV.

r1i Reset Flag 2

ht J

~q Label RTN

42S Store P in R1g
Program stops here

Recall 3.n

B~ Label EP.

E= Start of calculation

-- - Store 3.n in ROO

,-~ F,~Set degrees angular
* -- I-Hi mode

-~ 4 ~Remove pending opera-
FL' tions

EF
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PROGRAM MEMORY (LIST)

STEP CODE KEY COMMENTS STEP CODE KEY COMMENTS
:4 FE If 3.n < 3.2 go to 4-2 7 SEF Remove FIX and scientif-

-"'= .h- F4G Label PGM :::: , L ic display format
- 4 ,-L Recall 3.n 4>; ,-,

. -1 r Repartition calculator
: Print 3.n t to 559.49

"S" alphanumerics

Store .n in R05
Store in R07

: 4 Store 3 in ROO Call SBR OP to check
limits and print S1

Set flag 2
Call SBR COS to calcu-

: Call Pgm. 3 to print : late D12 and P(D!2)
and check limits on - -

~ W, CP, RS ad - - - See eqs. 25 and 324NI~~F Pi;-_ WR, CEP, TR, S and 4'- -2 2

to calculate eqs. 1 Call SBR OP to check
: through 20 to get P(x) limits and print S2

Store (S2)2 in R08
Call SBR OP to check

- Store 3.n in ROO again - imits and print S3

Label R/S. Store (S3) in R09

Calculation of

Call Pgm. 9 to check _ - See eq. 27
F6: Oilimits and print A _

C7

42n 1,7 _-' "E:E 7- - -

4 F

If 3.n = 3.3, go to
Label RST
(Rectanqle calculation) L

E Put in t rgister
F

If 3.n = 3.5 go to
E7 . Label EE (Ellipse P EF Call SBR COS to calcu-

4 :-1 7 EQ calculation) 4_ 1 -. late 0?

4:1 52 EE 479 71 E:F See eq,. 26 and 3?
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PROGRAM MEMORY (LIST)

STEP CODE KEY COMMENTS STEP CODE KEY COMMENTS
4:3'l 344-: Calculation of 5ZE 9 5

4 See eq. 30

Calculation of M

See eq. 29

-R'-

F; Stre ~In RCall SBR COS to calcu-

- Store (t in t req. lat an

See eqs. 28 and 32.
I- Calculationoft

Fr- See eq. 31aaa

t: U Go to Label

4- F'L
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